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COMMON THINGS. 

MAN. 

CHAPTER I. 

I. FhTucal condition of Man generaU; n^lectod, — 2. The bnin the 
oi^an of intelligence. — 3. Qenerai view of the nervouB sjatem. — 4. 
Stnictore of the brun.— 5. The Facial Angle.— 6. Its TariBtion in 
different animnla. — 7. Becogoiaed ae en indicaUoa of intellectual 
power, — 8. The advantages Han deriveB from the farm of hia members. 
— 9. Freheneile and Idcomotive memheiB, — ID. Structure of the hand. 
—11. The bonee of the arm and hand.— 12. Wonderful play of the 
mnBclea and the movement of the fiogerB ; example of pinDa-forte 
pla5ing.~-13. The lower memben.— 14. The leg and foot.— IG. The 
erect podtioD proper to man. — 16, Man alone bimanona and 
bipadona. — 17. Qaadnuoana. — 18. Power of language. 

1. Alihoifoh it has been affirmed and quoted by generatioii after 
generation that 

" The proper rtudy of mankind is man," 
that Btndy, even amoiig the most cultiTated, has been confined too 
exclusiTely to the Eocial and political condition of onr race, to 
the total neglect of the physioal relations bj which it is COD- 
neot«d with the inferior species. Although these relations exhibit 
JJAuma's MusioM oi Soiuok. b 49 

So. n. 
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in a striking point of view all that we have in common with the 
rest of the animal kingdom, they render manifest not less con- 
spicuously those which set us apart from, and exalt us above 
tiLem. So profoundly impressed was the greatest of modem 
naturalists with the force of the evidence of man's superiority, 
derived merely from his physical organisation, that he maintained 
that, even according to the rigorous principles of inductive 
science based on physical and mechanical phenomena, without 
taking into consideration the possession of the reasoning faculty, 
man ought to be classified, not as a species of the order of verte- 
brated animals, but as an order apart, distinct from and independent 
of all other parts of organised nature, and presenting the anoma- 
lous example of being the sole genus of his order and the sole 
species of his genus.* 

Nevertheless, our physical organisation differs but little in 
appearance from that of a considerable number of Manmiifers,t 
that is, of the animals which suckle their young. The functions of 
nutrition with us and with them are alike, and the structure of 
the organs of sense present but few distinguishing peculiarities. 
Yet man is placed immeasurably above all other organised beings, 
a superiority which he owes, not altogether to the gift of reason 
and of language, but also, in a great degree, to the mechanical 
conformation of his members. 

2. Physiologists have traced a general relation between the 
degree of intelligence manifested by different organised beings, 
and the volume and structure of the brain, not only when species 
is compared with species, but when individual is compared with 
individual : and some have pretended to push this induction even 
80 far as to connect different parts of the brain with different 
faculties, passions, and tendencies, founding their conclusions 
partly on observations of the human brain in connection with the 
development of human character, and partly on the analogies 
observable between the human brain, passions, and tendencies, 
compared with the brain, passions, and tendencies of inferior 
animals. Hence has arisen that new branch of inquiry claiming 
a place in physiological science under the name of Phrenology. 

However questions of this order may be decided, it has never 
been doubted that the brain is the organ of intelligence, thought, 
and feeling. It is the centre of the nervous system, and is con- 
nected with all parts of the body by thousands of nervous 
filaments. 

3. Some notion of the manner in which these diverge from the 
brain and from all parts of the spinal cord, and ramify over all 

K * Cuvier. 

t From mammoj a ** pap, or teat," and/ero, ** I bear." 
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the orgKOa and members, m&j be obtained by the annexed fignR, 
where a is the broia ; b, the posterior port of that organ, called 




the cerebellum ; c, the spinal cord ; d, the branch of nerves wliicli 
ramifies over the face ; e, tliat which goei to the arm ; /, f , Ai 
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its Tamifioations over tbe loirer arm and bond ; ■', those which 
spread over the tnuik ; k, I, those which lead to the leg and 
tiiigh ; m, n, a, p, their ramifioations over the leg and fiKit. 

The innumerable nervous filaments which are thus spread over 
the entile Byst«m, and which at length become so minute aa to be 
tnioroaoopic, are the messengers of thought, carrying the dictates 
o( the will from the brain to all the members, which moye in most 




FIs. L— View cf th« isforior lurfa 



absolnte obedience to the commands thus received. They are &lso 
the conductors of aquation from all parts of tiie eystem to the 
'brain, and are therefore divided into two classes; the first con- 
sisting of those which, carrying the dictates of the will to the 
movable members, are called nerve* of motion ; and the second, 
of those which, conveying sensation from all parts of the body to 
the brain, are called nerren of sentaUon. The practical proof 
Qiat each of these clasees of nerves is invested with the special 
fonotions here ascribed to them, is found in the foot, that if 
S3 
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a neive of motion be oat, the member which it moves will be 
immediately paralysed; and if a nerve of senBatioa be cnt, the 
part which it connects with the brain will become ingendble. 
Thus, for example, if the nerves of motion proceeding irom the 
brain to the tmn be divided at the shoulder, the entite arm and 
hand will be paralysed, llie will losing all power over it. In like 
manner, if the nerve connecting the optical membrane of eitiier 
eye be divided at any point between that membrane and the point 
where the nerve nsites willi that which proceeds irom the other 
eye, the former eye will become blind, the sight of the latter 
remaining unimpaired. But if the optic nerve be divided beyond 




the point where the nerves from the two eyes are nnited, both eyes 
will lose the power of vision. 

4. The brain being the organ of intelligence, it has, as might 
naturally be expected, a greater development and more perfect 
structure in man than in the inferior animals. The cerebral 
hemiepheret, as they are called, are more volnnunons, and their 
convolutiona are more prominent and nnmeroos, and extended 
over a. much larger region of the skull. They cover, for example, 
that part of the organ called the cerebellum, while in inferior 
animnla they never extend over it, and in many oases have no 
existence at all. 

The part of the brain which ooonpies the front of the skull in 
man is remarkable for the extent of its volmne, and gives that 
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peonliar elevation to the forehead and noblenesB of aq>ect whicti is 
nowhere to be found among the inferior species. 

5. The proportion whirfi the part of the head oconpied by the 
prinoipal organs of sense,!— tlioee of seeing, hearing, smelling, and 
tastdng, — b^rs to the part occupied by the brain and its appendages, 
ia fbund to be a good general modolus of the power of the intel- 
lectual faculties ; and aecordingly metliodB have been sought by 
physiolt^ats, by which this proportion can be oonveniently 
ascertained with some degree of approximation by external in- 
dications, independently of the results of dissection. The method 
which has been most generally received ie that proposed by 
Camper, an eminent Dutch natunlist, which consists in meaaoiing 
what he called the facial anglt, farmed by a line, c d, (fig. 3) 




drawn through the opening of the ear and the base of the nostrils, 
with another line, a b, drawn from the most salient point of the 
forehead, through the front of the upper jaw. This angle will be 
greater or less, according hi the greater or less development of the 
brain, especially in its anterior part. 

In comparing man with the inferior animals, it is found 
accordingly, that the facial angle exceeds those of the latt«r in a 
large proportion ; and in comparing different species of auiinalB 
one with another, the variation of this angle ia in remarkable 
accordance with their several manifestations of intelligence. 

6. The following are the facial angles of certain species, aceoid- 
ing to difierent physiological authorities : — 

Man (European) (fig. 3) . . . 85° to 90' 

OuniD-ODUDg (fig. *) . . . 56° to 60' 

Apes (fig. S) 80° to 65° 

Dog 35° 

Kam 30' 

Horse 33' 

According to Professor Milne Edwards, the forehead in the case 
of Que wild boar (Gg. 6) is ao falling, that it is impossible to 
draw a straight line from the upper jaw to the moat prominent 
S4 
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part of the skull, the latter falling considerably behind the bony 
projection of the nose. 



Rg. 6. 



Fig. 6. 





With birds and fishes the facial angle is less than with mam- 
mifersy and with reptiles, as in the crocodile (fig. 7), is often so 
small as to be scarcely appreciable. 




Fig. 8. 




Fig. 7.— Crocodile. 

In comparing individuals of the human race existing in different 
climates and under different physical influences, the facial angle 
is subject to much variation. Thus, while wiUi the European 
(fig. 3) it is sometimes so great as 90% 
with the negro (fig. 8) it seldom 
exceeds 70°. 

7. Although the more complete in- 
vestigation of the connection of cerebral 
development with the extent of the 
intellectual faculties was reserved for 
modem investigators, it does not appear 
to have escaped the notice of the ancients, 
who evidently saw in the facial angle an index of intelligence. 
Not only do we find in their writings an erect frontal line noticed 
as a mark of a generous nature and an essential character of 
beauty, but the ancient sculptors conferred upon the figures of 
their heroes and their gods a facial angle much larger than is ever 
seen in man ; and in some of ftie more remarkable statues which 
have come down to us, — ^the Olympian Jupiter for example, — the 
frontal line b a, fig. 3, actually inclines forwards so as to render 
the facial angle obtuse. 

Even the most vulgar observation ascribes stupidity to a pro- 
jecting mouth and nose and retiring forehead, to which the name 
muzzle is given, whether found in men or in animals. And when 
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in exceptional oases an apparent enlargement of the facial angle ia 
produoed by a pwmiinenee of the bony arch which protects the 
eyes a. aponous air of inteUigenoe ib produced which oaoBes quail 
ties to be ascr bed to animals having this confomiat on which 
they do not really possess The elephant (fig 9) and the owl 
(fig 10) are examples of thia 




Owing to the pecuhar expression thus given, the owl, as is well 
known, was adopted by the ancienta as the symbol of wisdom, and 
tbe Indian elephant bears an oriental name which implies the pos- 
session of a certain share of reason. 

8, The brain, however, is not the only part of his organism, to 
which man owes his great superiority ; the oonfofmation of his 
members, combined with Lis intellectual powers, gives him a 
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dominion orcr the inferior speoiea, vhich he never ooold obtain by 
his natural strength or Bwiftness. 

Like that of the superior claBBes of Mammifers general!}', the 
human body ia supplied with four members ; the superior, or aims 
and hands, and the inferior, or 
legs and feet. It is found in the ^' 

works of nature, as in those of art, 
that the more extenslTely the 
principle of the division of labour 
is oarried out, the greater will be 
the perfection of the instruments. 
A tool or a machine, which attains 
two purposes, attains neither of 
them so perfectly as would two 
tools or machines especially adapted 
to the execution of each. Now we 
find, on oompari:^ man with the '^ 
inferior animals, that he supplies a, 
solitary example of the rigorous 
application of the principle of the 
division of labour in the functions of his members, 
sities of its well-being require that the creature should be 
supplied with members to seize and members to pursue the 
objects of its nutrition. Hence arises the necessity for members 
of prehension and members of locomotion. In some of the inferior 
animals, as, for example, certain quadrupeds, the four members 
are exdusivclj locomotive, the act of prehension being confined to 
the montii. In others, however, all the four members, besides 
fulfilling the functions of locomotion, are more or less prehensile, 
thus serving a double purpose, and therefore, according to the 
principle explained above, serving it hy comparison less perfectly. 
In some, the prehensQe functions of tiie four members prevailing 
over their locomotive functions, naturalists have given them the 
name of quadramana, or four-handed, in contradistinction to that 
of quadrupeds, or four-footed, given to those speoies whose members 
are more eicluaively locomotive. 

9. In man elone are found at once members which are excin- 
sively prehensile, and others exclusively locomotive. 

10. The superior members are disposed in a manner most 
fkvourable for prehenuon and touch. By the peculiar mechanism 
of the shoulder-joint, the ana can be directed with nearly equal 
facility upwards, downwards, forwards, snd baekwards. The 
fore-arm at the same time being hinged upon the elbow, and the 
hand upon the wrist, a still more varied play is given to the hand, 
tlia immediate instnunent of prehension. But even with this 
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variety of motion and inflection, something would still be wanting* 
The chief seat of the sensibility of touch is the palm of the hand 
and the palmar sides of the Angers ; and the mechanism of the* 
hand is so contrived as to accommodate itself to the play of thi& 
sensibility. The thumb is mounted so as to face the fingers, and 
the articulations of both are such as to enable them to be inflected 
towards each other, and towards the palm, so that when an object 
is embraced or grasped by the fingers, all the part of the hand 
possessing most sensibility of touch is brought into contact with it. 
If we grasp tiie hand of a friend or a beloved relative, the palm& 
come into contact, and we are conscious of a mutual sensation con- 
veyed through the nervous system. If, while the mechanism of 
the hand remains the same, the nerves which now overspread th& 
pabn and the palmar sides of the fingers were spread over the back 
of the hand, all this sensibility would cease. 

It is obviously essential that the palm of the hand, which is 
thus its prehensive side, should be capable of being turned in 
all directions, so as to present itself to the objects to be grasped 
or touched. But the hinge joints of the wrist and elbow would 
only enable the palm to be inflected inwards towards the hollow of 
the arm. 

It is true that the rotatory motion which can be given to the 
arm upon the shoulder would vary the play of the palm, but the 
motion would still be imperfect for the purposes of prehension, 
and touch. An expedient is, therefore, provided, which may be 
fairly said to confer upon the hand the utmost perfection as an 
organ of prehension. This expedient consists of a simple and 
beautiful mechanical arrangement in the structure of the fore arm,, 
which is composed between the elbow and wrist, not of one, but 
of two bones, of nearly equal length, placed side by side. One of 
these, called the ulnoy is articulated with the upper bone of the 
arm at the elbow by a hinge joiut ; the other, called the radius, 
is articulated to the hand at the wrist, with a like hinge motion.. 
But the radius having the hand thus appended to it is so arranged 
that it can revolve round thexQna, carrying the hand with it, thus 
having the faculty of presenting the palm in any desired direction 
without changing the general position of the arm. 

11. In fig. 11, the bones of the arm and hand are represented ; 
, the xQna, hhiged upon the elbow, being on the left, and the radius^ 
with the hand hinged upon it at the wrist, being on the right. 
The two bones are tied together by intermediate ligaments (6, 7), 
the ligament by which the hand is tied to the radius appearing 
at 10. The palm of the hand and the hollow of the elbow are 
supposed to be presented to the observer. 

When to all these conditions it is added that the successive 
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1 of tll« fingers gradaally decrease in length ; tliat the^ are 

ilated with a. snocessioa of hinge joints ; that thej are moved 

lendently, one of anotHer, by a series of 

les acted upon by nerres which are under 

wmplete dominion of the will, the ad- 

bla perfection of the organ of prehension 

ondi may be in some degree appreciated. 

. Wben the ntoveinents of the arm, 

, and fingers, are considered ooUectiTely, 

ty be stated, witiioat exaggeration, that 

reeling the fingers to any object of touch, 

ndred mnsotes are broi^ht into oper^- 

whose contractile power is excited by 
lands of nervons filaments, each of which 
ider the absolnte dominion of tlie will, 

aodon of Tolition requiring a corre- 
ling intellectual exertion. Howwondroua 
aiachinery intclleotual, physiological, and 
.anical, must be, the least reflection iqwn 
manual exercises which are daily per- 
ii, especially in civilised and polished 
will render manifest. When a performer, 
lample, executes upon the piano-forte one 
e oomplicBted compositions of tiie modem 
osers for that ioBtrnment, as many as ten 
land notes must be produced by the 
oation of the fingers to the keys. The 
!St of these pieces is executed in about 
Dinntes, or, in round numbers, 1000 
.ds, so that the notes must be produced 
e rate of 10 per second, and as each note 
res a separate dictate of the will, and 
dictate of the will a separate act of the 
, we arrive at the surprising conclusion 
these mental acts are performed in this 
onlar case at the rate of 10 per second. 
can it be said that habit enables the 
rs to move mechanically while the mind 
isiye, and that the faciUty given by repeti- 
lupersedes mental action ; for artists are found so expert as to 
ite such pieces at sight, never having previously studied them. 
. The lower members are as eminently fitted for the purposes 
ipport and locomotion as are the superior for ^henuon. 
ihed to the hip bones or pelvis, at the external eomers, they 
.0 articulated as to have a certain play forward, backward, 
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and laterally, sufficient for tbe purpose of locomotion, yet not too 
great for stability. 

While the arm at the shoulder plays in an extremely shallow 
socket, so as to give it all that vast range of motion which is neces- 
sary in an organ of prehension, but would be altogether incom- 
patible with one of sustentation, the thigh bone is articulated at 
the hip in a deep spherical socket, which looks obliquely down- 
wards, and which rests upon the convex head of the bone with 
sufficient firmness and solidity to afford a secure support to the 
incumbent weight of the trunk, the upper members, and the head. 

14. The leg is articulated to the thigh at the knee by a hinge 
joint, which enables it to be inflected backwards, so as to accom- 
modate itself to a progressive motion. Unlike the hand, the foot 
has no rotatory motion on the leg ; the two bones composing which, 
firmly united together, confine between them the upper bone of 
the foot, forming the ankles at either side of it. The foot thus 
moves with a hinge motion on the ankle joint, projecting back- 
wards at the heel, and still further forward in the direction of 
the toes, so as to supply a large basis for the support of the body. 

The toes, unlike the thumb and fingers, are totally incapable 
of prehension ; the great toe, which corresponds to the thumb, 
instead of facing the others, is placed in juxtaposition with them, 
and they cannot therefore be brought together so as to form, like 
the fingers and thumb, a sort of pincers. 

The sole of the foot corresponds to the palm, and the instep to 
the back, of the hand. The bones of the latter, extending 
obliquely from the bend of the ankle joint to the commencement 
of the toes, form an elastic arch, by which the blood-vessels, 
nerves, and muscles of the foot are protected from the pressure of 
the weight of the body, which would otherwise crush them. The 
fleshy mass formed by the muscles and fat placed upon the sole 
constitutes a cushion or buffer, which softens the collision which 
must otherwise take place each time that the foot comes to the 
ground, with the whole weight of the body upon it. 

15. Everything in the mechanical structure of the body con- 
spires to prove that man was made to stand erect ; and with this 
erect position are associated numerous consequences connected 
with his superiority over other species. His feet are formed with 
a base which is large in proportion to his body, so that the centre 
of gravity can be easily kept vertically over it, a condition which 
is essential to his stability. The legs, in their natural position, 
are placed at right angles to the soles of the feet, and are tiierefore 
vertical when the latter are horizontal. The centre of gravity of 
the trunk is at some distance in front of the spinal column, and 

would therefore have a tendency to incline forward, so that the 
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body woula take the position of that of a quadruped, in whicli the 
spinal column would be horizontal, the upper part of the trunk 
being supported by the arms, the hands performing the duties of fore- 
feet. But this is prevented by the establishment along the whole 
extent of the back of several layers of powerful muscles, which tie 
the vertebm together, two and two, three and three, four and 
four, and so on. The tone of these muscles is such, that their 
normal tension produces a force which equilibrates with the 
weight of the trunk acting at its centre of gravity in front of the 
spine. These muscles have a power of contraction and relaxation 
within certain limits, by which the body can be inclined back- 
wards or forwards, more or less. The head is mounted upon the 
summit of the vertebral column, forming as it were its capital, in 
a manner obviously adapted for the vertical position. Like the 
trunk, its centre of gravity is a little in front of the summit to 
the spinal column, and therefore it would have a tendency to 
incline forwards, but this as before is resisted by muscles of 
adequate power placed on the back of the neck. 

Nothing more manifestly indicates the intention of nature 
that man should stand erect, than the position of his face 
and the direction of his optic axes. In the erect position his 
face looks forwards, and the optic axes are horizontal. But 
if he were to assume the prone position, supported by his four 
members like a quadruped, the optic axes would be directed 
downwards, and, except by a strained effort of the neck, he 
could not see before him. To this it may be added, that 
the knee joint being so constructed that the leg can only be 
deflected backwards on the thigh, would .render the legs utterly 
unfitted to be members of support and locomotion in the prone 
position, since in that case the point of support would be, not the 
feet, but the knees. Now, independently of the consideration that 
in this case the legs and feet would not only become useless, but 
would be an impediment to every act of locomotion, the shortness of 
the thigh would inconveniently limit the power of progression, the 
thin integuments covering the knee-pan would soon be destroy^ 
by the pressure upon it, and the knee-pan itself, a loose and de- 
tached bone, would be displaced, and the members totally disabled. 

It would not be worth while to insist upon these particulars, 
were it not that some authors, impelled doubtless by the love of 
paradox, have maintained that the prone position is natural to 
man, and the erect position the result of education. 

16. Man, then, alone presents the characters of a himanous and 
hipedous animal. The various species of apes, who approach so 
close to him in some respects, differ from him essentially in their 
members, their inferior or posterior members having as much the 
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chnraotet of handa as of feet, and their anterior members aa mnoh. 
the chai'aoteT of feet as of hands. 

In fig. 12 is represented the spedes of ape called tbe chim- 
panzee, using the anterior member as a prehensile organ. In 

fig'. 13 another species of quadru- 
' lown, where the conforma- 
tion of all the four feet dosely 
corresponda with that of the h 
hand, but all tbe four are used for 
support and locomotion. 

It is evident that the mode of 
loctimotiim ti) -which the mised cha- 




Fig. la— The ChlmpaniM. 



racter of the hand and foot fonnd in the qnadrumona is best 
adapted, ia that of climbing, t« which accordingly the monkey 
tribes are more especially addicted, often carrying their yoong 
clinging round their bodies as they monnt. 

In fig. 14, a monkey called the ntalei, a speciea of lemur, is 
represented in one of its habitual attitudes, carrying its yonug, 

IT. The double pnrpose of prehension and locomotion assigned 
to the members of the quadmmana, and their hahitnal exercise of 
climbing in pnrauit of their food and for protection &om their 
enemies, renders the occasional aid of another o^au of prehension 
necessary ; snoh an organ ia accordingly supplied them in the 
tail. In fig, 15 is represented the White-throated Monkey thus 
exerciaing this prehensile action. The same action is common with 
the species called the Coatta, or Spider-Monkey, bo named from 
the extraordinary length of ita extremities, and from ita motions. 
" The tail," says Sir Charles Bell, " answers all the purposes of a 
hand, and the animal throws itself about from branch to branch, 
sometimes swinging by the foot, sometimes by the fore extremity, 
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bat oftener and wiUi greater reaoh by ttie tail. The prehenBile 
part of the tail is covered with Bkin onlj, forming an organ of 
touch as discriminating aa the proper estremitiea. The Caraya, 
or Black Howling Monkey of Cnmana, when shot, is found 
suspended by its tail round a branoh. fiaturalista have been so 
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struck with this property of the tail of the Alekt, that they have 
compared it to the proboscis of the Elephant, and have aseored ns 
that they fish with their tail. 

" The moat interesting use of the tajl is seen in the opoBsnm, 
The young of that animal mount upon her back, and entwine 
their tails round their mother's tail, by which they sit teenn 
while she esoapes from her enemies." * 

It will be observed that the young one, represented in fig. 14,* 
also uses its tail as an organ of prehension, holding itself upon 
tiie body of its mother by twining the tail round her. 

* Bell, On the Hand, p. !0. 
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' 18. Bat of ftll the organs to which man owes liiB Buiteriority, 
that of voice is inconteatably the most important. He alone, 
among all OKated beings, is ^idoved wiA the power of ptoduaing 




Fig. 15.— The ffbite-Throatad Monksj-. 



articulate Boimds in infinite yaxiety, and applying them to the 
expression of his thoughts, Bentiments, and feelings. By this 
power he is enabled to communieate with his kind, to inter- 
change with them the expressions of kindness and affection, and 
to impart and receive knowledge and information. Great as this 
power is, it is augmentedin a manifold proportion by the device of 
expressing oral sounds by written or printed characters. By this 
expedient oral language becomes mihle, and is, so to speak, 
perpetuated ; the discourse which is spoken or listened to, how- 
ever impressive may be the eloquence of the speaker, and however 
profound the attention of the hearer, may, and generally does, 
soon fade from the memory, but language printed or written is 
permanent, 

Utera scripts manet, 

and may be referred to again and ag^ until the reader renders 
it his own. 

The printed book can be handed down and reproduced indefi- 
nitely from age to age, and those of one generation are thus 
enabled to listen to the precepts and imbibe the comuela of the 
wisest and most virtuoua of fimnet times. 
■ fl* . ■ • 
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Urth,— 29. Birthi more prevalent at certain seasoni. — 30. FropoHioD 
of the seies bom. — 31. Froportion in the csee of lUegitlmatea. — 32. 
Cbanees of lif^ mon favourable for femalei. — 33. Organs of aenae in 
infancy— the eye. — S*. The voice, — 85. The >one». — 36. InitiDctin 
the inf^t.— 37, Terror of Uling.— 38. Ullk teeth. — 30. Permanent 
teetli.— 10. Their periods of emergence. — 41. Tbe avenge height of 
men. — 42. Qianla and dirariB, — 13. A»eragB height of women. — 14. 
The inflnenee of race. — 4G. Infloence of climate. — 46. Hjpenic eon- 
ditions. — 17. Their affects shown by conscription in France. — 48. Kate 
of growth from infiucy to matority, — 49. Frogreedve increase of balk. 
— 50. Orgonio changes it pnberty. — SI, Organic changes in the bones: 
62, The mnsoles. — 63. Kiamplea of longevity, — 54. Great mortality 
in infancy. 

19. Uan thus singokrljr. fovoured bjr the pOBsession of reason, 
and by the addresa and preoinon of wMcb the motiooB of hia 
IiABiiinis'a Hmiuii or Soiiboe. ( ^'^ 
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members, and more especially those of the hand, are susceptible, 
is, nevertheless, in some of his physical attributes, immeasurably 
inferior to other animals which correspond with him nearly in 
size. He is neither swift of foot to pursue his prey or fly from 
his enemies; nor is he supplied witii any natural weapons of 
attack or defence, such as those which are found among the 
numerous classes of animals around him. He is not only feeble 
and defenceless, but Nature has refused to provide him with those 
means of protection from the inclemency of the elements, which 
she has so beneficently supplied to those who hold a lower place in 
the chain of organised beings. He has neither the fur of the 
beast, nor the feathers of the bird, to protect him from the rigours 
of temperature, and yet his body is covered with a skin and 
integuments abounding in nerves, which render it ten thousand 
times more sensitive than the skin of any of these creatures which 
Nature has so carefully and tenderly protected. 

20. In coming into the world, he is more helpless and delicate 
than the young of any other creature, and continues for a much 
longer period dependent, not for his well-being only, but for his 
very existence, upon the assiduous and never-ceasing solicitude 
and tenderness of his parents. 

21. Yet this creature, thus naturally ppor, feeble, naked, 
helpless, and defenceless, is the lord and master of the material 
world. By him the strongest is subdued, the fiercest tamed, 
the swiftest overtaken. He cannot rise into the air, never- 
theless he arrests its inhabitants in their flight and brings them 
to his feet. He cannot descend into the waters, nevertheless 
he calls forth from the chambers of the deep their tenants, for the 
supply of his wants and the gratification of his appetites. His 
body is unprotected by any natural covering, but the beasts of the 
forest and the birds of the air are compelled to surrender for his 
use their fur^and their plumage. Innumerable textile plants, 
which in their natural state would be unavailing, are adapted by 
his art to supply the materials by which clothing for his body can 
be made in unbounded quantity. Unable to endure the vicissi- 
tudes of temperature and climate, the earth itself is compelled to 
surrender its bowels, and to supply inexhaustible quantities of 
fuel, by which artificial heat is produced to moderate the rigours 
of cold and equalise temperature. He is not swift of foot to 
pursue or to fly, but he tames for his use the swiftest of sub- 
ordinate creatures, which with the most absolute obedience 
transport him where he wills. Not satisfied even with this, his 
inventive powers have created engines of transport which carry 
him over the face of the waters, in spite of opposing wind and 
tide, and over the surface of the land, with a speed which 
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exceeds the flight of the swiftest bird and equals the rapidity q{ 
the tempest. 

So far, then, from haying reason to repine at his helpless and 
defenceless organisation, he is indebted to those apparent defects 
for the greatest of his attainments ; for it is certain, that if he 
had possessed natural organs of defence, attack, and locomotion, 
and natural protection for his body at all analogous to those which 
have been provided so generally for the inferior species, he would 
have lost that strong stimulus which has urged him on to such 
stupendous and almost incredible achieyements. Nor is this 
observation novel. At a much earlier epoch in the progress of 
the human race, and ages before the great discoveries had been 
made which will render for ever memorable the last hundred 
years, Galen observed, that if man had possessed the natural 
clothing and defence of the brute, he would never have been an 
artificer, nor protected himself with a cuirass, nor fabricated the 
sword or spear, nor invented the bridle, nor mounted a horse, nor 
hunted the beast. Neither would he have followed the axts of 
peace, nor constructed the pipe and the lyre, nor erected houses 
or palaces, nor temples to the gods ; nor would he have made 
laws, nor invented letters by which he would hold communion 
with the wise of antiquity, conversing at one time with Plato, at 
another with Aristotle, and at another with Hippocrates. 

22. The possession of the faculty of language necessarily 
infers the instinct of sociability, and man cannot live alone. He 
seeks the society of his kind, and belongs to the lelass which 
naturalists call gregarious. The advantages derived from this 
habit of association are infinite ; without it, indeed, man, instead 
of being as he is, the monarch of nature, would be amongst the 
most miserable of animals, and would assuredly soon disappear 
from the earth. But by association every individual strengthens 
and supports others, and is strengthened and supported by them. 
Each cultivating some special faculty or power in a higher degree 
than his fellows, renders it serviceable to them, and receives ia 
return equivalent services from those who have cultivated other 
powers in which he is deficient ; and thus comes into play that 
vast principle of material production and social felicity known as 
the division of labour. 

Like all other gregarious animals, man is naturally frugivorous, 
or made to live on fruit and vegetables. This is a conclusion not 
resting solely upon the analogy observable between man and 
other gregarious species, but supported by the characters of his 
organs of nutrition. The teeth of carnivorous species (fig. 16) are 
peculiarly formed for teaHng and masticating the flesh which 
constitutes their proper food« The. canine teeth ax^ Vdx%^ 
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developed, sharp and curved ; and the incisors partake of the 
canine character. The teeth which occupy the place of molars, 

edged and sharp, close side hy side 
^ ^^* like the hlades of scissors. The 

dentile apparatus is thus adapted 
to tear and cut the flesh before 
it passes into the stomach. The 
teeth, on the contrary, of frugi- 
vorous animals consist of incisors 
and molars ; the canine teeth ex- 
isting, but so little developed as 
to have no functions different from 
those of incisors. The molars of 
the two jaws, nearly flat at their 
ends, come into direct contact and superposition like two mill- 
stones, and the jaws, by a small lateral motion, have the power 
not only of bruising but of grinding the food between them. 
These operations are all that is necessary and sufficient for vege- 
table, but would be altogether inapplicable to animal food. 

23. Every one will recognise in the dentile apparatus last 
described the form and structure of the human teeth ; and so far 
as they are an index of the food adapted to them, it is plain that 
man is frugivorous. But the same conclusion is further supported 
by an examination of the digestive apparatus. 

In carnivorous species, the intestine through which the food 
passes is generally short, its length not exceeding three or four 
times that of the body, while in the herbivorous species it is usually 
ten or twelve, and sometimes (as in the sheep, for example) twenty- 
eight times the length of the body. In accordance with this prin- 
ciple, we find that the human intestine, like the teeth, is suited 
to vegetable aliment, having a length bearing a proportion to that 
of the body, which is analogous to the internal structure of other 
frugivorous species. 

24. How then, it may be asked, has it happened that man, 
instead of being exclusively frugivorous, is, in fact, omnivorous, 
nourishing himself indiflerently with vegetable and animal ali- 
ment ? The answer is obviously, that he cannot be nourished by 
animal aliment, unless it be previously prepared by flre. In a 
word, flesh, to be flt for human food, must be cooked. 

25. One of the physical peculiarities which distinguishes man 
from other members of the animal kingdom, is the facility with 
which his organisation adapts itself to differences of climate, and 
this is one of the marks which appear to confirm his destiny to 
rule over the whole surface of the globe. Placed originally by his 
Maker in a single region, his race has multiplied and diffused 
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itself, manifesting a constant tendency to emigration, and being 
deterred neither by the rigours of the pole, nor the scorching sun 
of the tropics, it has overspread the globe. According to statistical 
estimates, which are considered as exact as such calculations can 
be, it was ascertained that, at the epoch of 1840, the total poptdation 
of the globe amounted to about 737,000000, which were distri- 
buted in the following proportions, the number to every square 
league, taking the length of a league as the 25th part of a degree, 
being given in the second column : — 



Europe 

Asia ...... 

Africa 

America 

Oceania, including the isles of the Pa- 
cific Ocean, &c. . 



Population. 



227,700000 

390,000000 

60,000000 

39,000000 

20,000000 



Per 8q. League. 



472 

184 

40 

20 

87 



The density of the population, indicat;ed in the last column, 
depends more on civilisation and wealth than on climate. Thus, 
it is computed that the number of inhabitants per square league in 
the different states of Europe, are as follows : — 

United Kingdom 1480 

France 1200 

Prussia 895 

Russia 202 

26. Having taken this rapid view of the physical organisation 
and condition of the human race, let us trace the progress of the 
animal Man from the cradle to the grave. 

27. In general, man comes into the world singly, or one at a 
birth. In certain exceptional cases, two are bom, and called 
twins. The cases in which three or more at a birth aie produced 
are so extremely rare as not to have received in any language, that 
we are aware of, a distinct appellation. 

28. It appears by statistical returns, that, upon an average, one 
case of twins occurs in 90 births ; and that three at a birth has 
occurred only once in 30000 cases. 

29. Another circumstance, in which the human race is distin- 
guished from inferior animals, is the independence of the pheno- 
menon of birth on the season of the year. Animals generally 
produce their young at that season which is most favourable for 
their development. Children are bom at all seasons. Neverthe- 
less, in comparing the number of births with the course of the 
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8€fas6i]ls, it is found to be variable, and that its variation has a 
marked and well-ascertained relation to the course of the seasons. 
It is found generally in the temperate dimates, that births are 
more numerous in the three winter, and least so in the three 
summer months. In approaching the colder climates, the epoohs 
of the maximum and minimum nimibers are later, and in ap- 
proaching the warmer climates earlier. 

30. The number of children which come into the world is not 
equally shared between the sexes, the male always predomi- 
nating. 

This fact has been established in all countries where statistical 
registers have been kept; and it is remarkable, that although 
the numerical proportion between the sexes is subject to some 
variation from year to year, its mean amount in each country 
is nearly invariable, though different in one country as com- 
pared with another. Thus, on comparing the numbers of male 
and female children baptised in England and Wales during the 
first half of the present century, it is found that the number of 
males invariably exceeded the number of females in a proportion, 
varying from year to year, from 25 to 50 per 1000; the mean 
result taken for the wbiole period showing, that for every thousand 
girls bom, there were one thousand and forty boys. 

In France, according to returns extended over 36 years, ter- 
minating in 1852, it appears, that for every thousand girls there 
were one thousand and sixty-one boys bom. Thus the prepon- 
derance of male births in France exceeds that in England in the 
proportion of a little more than 6 to 4. 

By returns obtained from other countries where accurate sta- 
tistics are kept, it has been found that the preponderance of 
male births is intermediate between those of England and France, 
the number of mates being 1050 for every 1000 females. 

31. A very remarkable fact, indicating some undiscovered 
physiological law, has been developed by the analysis of the 
zetums of the registrations of births obtained from France and 
other countries where the most exact statistical records are kept. 
It has been found generally, that in that particular class of chil- 
dren, to which foundlings for the most part belong, the prepon- 
derance of male births is considerably less than in the case of 
marriage-bom children. Such a circumstance would naturally 
enough be regarded as merely accidental, if it were not found to 
prevail invariably, at all epochs in all countries where registers 
are kept with sufficient precision to test the fact, and in all pro- 
vinces of the same country. Thus, for example, while in France 
there are 1060 marriage-born boys for 1000 girls, there are only 
1040 boys of the other class for the same number of girls ; and 
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this proportion has been found to be maintained from year to yeiar, 
and eqiudly in different departments. 

From a comparison of the births in different departments of 
France, north and south, it has been found that the proportion of 
the sexes bom is not affected by climate. 

32. It ihust not be supposed, howeyer, that this ratio between 
the sexes continues through life. The chances of life being morei 
fayonrable on the whole to females than to males, the excess 
giyen to the latter at birth is equalised before the middle age ; and 
at more advanced ages, the balance turns the other way, and the 
females predominate. 

33. In coming into the world, the infant can open the eyes, 
but physiologists consider that it has no sense of vision, and that 
it is oidy at the end of some weeks that it begins to be sensible of 
risible objects. After this, it directs its looks to objects which 
are most brilliantly illuminated, or which are characterised by 
the most yivid colours. It then, by slow degrees, begins to dis- 
tinguish objects around it, but it has been ascertained that a 
considerable time elapses before it has any idea of distances or 
magnitudes. 

Lideed, this is quite consistent with effects which have been 
found to result from surgical operations in which sight has been 
restored to persons blind from infancy. In such cases, it has been 
stated that the subject of the operation, when first enabled to see, 
imagined that all tiie objects which he beheld were in immediate 
contact with his eyes, and had not the least idea of their relative 
distances, nor any other notions of their magnitudes or forms 
than such as were afforded by their profiles. Every object, in 
short, appeared as a coloured silhouette in close contiguity with 
the organs of vision. 

34. The other organs equally undergo a progressive improve- 
ment by exercise. During five or six months the infant makes no 
other vocal sound than inarticulate cries. It begins gradually to 
be sensible of pleasurable emotions from the contemplation of 
external objects, which are expressed by its smiles. The cries 
gradually assume the tone and character of the voice, and are 
accompanied by incipient efforts at articulation, and towards the 
close of the first year the more simple monosyllabic words are 
pronounced. 

35. The bones, which at the time of birth consist to a great 
extent of cartilage or gristle, and have no strength sufficient to 
support the body, receive, in the process of nutrition, a gradual 
accession of the earthy constituent called the phosphate of lime, 
which gives them hardness. Contemporaneously with this 
increase of strength in the bones, there is a proportionate growth 
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and increase of strength in the muscles which move them, and 
about the close of the first year this strength bears such a 
relation to the weight of the body, that the child is enabled to 
support itself on its legs, and by gradual practice acquires tho 
ability to walk. 

36. It is generally assumed that man is distinguished from the 
inferior animals by the substitution of reason for instinct, and in 
this way it is explained how the yoimg of other animals manifest 
at the moment of birth the possession of powers and faculties, 
which, in the case of the yoimg of the human race, are acquired 
only by long practice and slow degrees. It is therefore oon- 
tended, that while the young of the lower animals are governed 
exdusively by instinct, the young of man is as exoluiively 
governed by reason, the conclusions of which are based upon 
experience. The acts prompted by instinct are performed as 
perfectly at first as at last, and undergo no progressive improve- 
ment ; while, on the contrary, the dictates of reason being based 
upon experience, cannot be issued by the mind until the results of 
that experience, which are their ordy data, have been developed. 
It has, therefore, been argued, that tiie helplessness of the in£mt, 
and the slow and gradual progress of the exercise of its senses 
and members, must be explained by the total absence of instinct. 
This conclusion, however, it seems cannot be admitted in its 
absolute sense, and observation and experience show that it 
requires considerable qualification. Many eminent physiologists 
impugn it, and Sir Charles Bell has even expressed a doubt 
whether the actions of the body, if not first instinctive or 
prompted by innate sensibilities, would ever be exercised under 
the exclusive influence of reason. The sensibilities and motions of 
the lips and tongue are, according to him, perfect at birth ; and 
the fear of falling is manifested by the infant long before the 
results of experience can suggest it. The hand, destined to 
become the instrument not only for the improvement of the senses, 
but for the development of the mental faculties, is absolutely 
powerless in the infant. Although capable of expressing pain, it 
is unconscious of the part injured. But the Ups and tongue 
immediately betray their sensibility. Later, the infant puts its 
fingers into its mouth to suck them, and so soon as lliey are 
capable of grasping, whatever they lay hold of is carried to the 
mouth. 

** The first office of the hand, then, is to exercise the sensibility 
of the mouth, and the infant as certainly questions the reality of 
things by that tost, as does the dog by its acuto sense of smelling. 
In the infant the sense of the lips and tongue is resigned in favour 
of that of vision, only when the exercise of the eye has improved 
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and offers greater attraction. The hand acquires the sense of touch 
very slowly, and many ineffectual efforts may be observed in the 
arms and fingers of the child, before it can estimate the direction 
or distance of objects. Gradually the length of the arm, and the 
extent of its motions, become the measure of distance, of form, of 
relation, and perhaps of time. 

37. ** Next in importance to the sensibility of the mouth, we 
may consider that sense which is early exhibited in the infant, 
the terror of falling. 

*' The nurse will tell us that the infant lies composed in her arms, 
while she carries it upstairs, but that it is agitated when she 
carries it down. K an infant be laid upon the arms and dandled 
up and down, its body and limbs will be at rest when it is raised, 
but in descending it will struggle and make efforts. Here is the 
indication of a sense, an innate feeling of danger, and we may 
perceive its influence when the child first attempts to stand or 
run. When set upon its feet, the nurse's arms forming a hoop 
around it, without touching it, the child slowly learns to balance 
itself and stand; but under a considerable apprehension. It will 
only try to stand at such a distance from the nurse's knee, that if 
it should fall, it can throw itself for protection into her lap. In 
these, its first attempts to use its muscular frame, it is directed by 
a fear which cannot aa yet be attributed to experience. By 
degrees it acquires the knowledge of the measure of its arm, the 
relative distance to which it can reach, and the power of its 
musdes. Children ore, therefore, cowardly by instinct; they 
show an apprehension of Codling, and we may trace the gradual 
efforts which they make under the guidance of this sense of 
danger to perfect the muscular sense. We thus perceive how 
instinct and reason ore combined in early infancy ; haw necessary 
the first is to existence ; how it ioon becomes subservient to 
reason, and how it eventually yields to the progress of reason, 
iintil obscured so much that we can hardly discern its influence." * 

38. At the moment of birth, twenty teeth already formed and 
ossified are deposited, ten in the lower and ten in the upper jaw, 
but are completely covered by the gums. The mouth is thus 
constituted exclusively for application to the mother's breast 
and for the suction of milk from it, and the stomach and intestines 
are organised in accordance with this for the due digestion of that 
aliment. The constituents of the healthy milk of voman ore the 
same as those of the body of the child, and enter into its com- 
position in a corresponding proportion. By the process of digestion , 
they are distributed among the several organs of the child's body, 

* Bell, On the Hand, p. 233. 
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eaoli pOBBUig to tlmt for wLose sustenance and growth it b fitted. 
At the age of &om six to ten moctba, the first t««tJi penetrate 
tluMUgh tJie gum, and tuirards tho end of the second yeor tha 
entire nnmber hare appeared. These twenty teeth are clasaified. 
aooording to their peculiar forma, as incisors, ciiniDes, and molara. 
The incisors are chiselled, the canines pointed, and the molsn 
presenting a hrood and rough summit. When the month i> 
closed the molars of the upper jaw corresponding in position ■with 
those of the lower, rest upon them. But the lower innisors nnd 
canines he within the edges of the upper ones. In each of the jan-s, 
there ia, however, space for sixteen teeth, and consequently throo 
places at each side remain unoeoupied. 

The rektire arrangement of this set of teeth ia shown in fig. ] 
where the inoiaors are indicated bj I ; the canines by C 
molars by u ; the unoccupied spaces being marked ' 

The first teeth which break through the jaw, are th 



39. This first sot of teeth ore called the milk teeth, because of 
their emergence from the gums at the time when the aliment of 
the child ia changod from the milk of the mother to other forms 
of food. Towards the seventh year, these teeth begin to be 
pushed out of the jaw bj another set which have been growing 
beneath them. The incisors and canines ore pushed out by 
another set perfectly similar in form and name, which take their 
places. The molars are in like manner extruded by four teeth 
in each jaw called bicusputs, having on intermediate dmraoter 
between incisors and molars. 
T* 
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Lster itiU, foor moUn inne from the gum in miA jaw, two at 
each aide, oocapjing the fint two of ttie three vacant plaoe* 
nufked ' in fig. 17, and at a itill more advanoed age, two other 
molar* inne from each jaw, filling the last vaoa&t plaee maiked 
' in the fig. IT. 

Thni, a tet of aixleen pemument teeth ia wtaMiihed in aaeh 
Jaw (fig. 18). Hie but four molar*, which emerge at a period of 




lif^ mneh lat«r than uie aOais, tumtwen Ibr Out reaMO Tnlgmy| 
oalled wiadom teeth. 

40. The period* of the siiooeMiTe omeigenee of the penaasat. 
teedi an, a4Mording to Cartwiight, u fbllow* :— 



lllddl* incusi* of loirCT jaw (t<), 

molar. (■') 
Middle incuon of npper jav . 
lAteial inciBan (t') . 



'}st. r 



9 to 12 
10 to 12 
12 to 11 



41, The mean height of man is about 5 feet 6 inohea, bnt iafub- 
jeot to great variation, not only in the cose of indindual compared 
with individual, bat nation with nation, and racs with race. 
Some of the savage tribes of Patagonia, and the inhabitanta of the 
Navigator and Caribbean ialanda, are remarkable for their elevated 
■tatore, their average height varying from S feet to 6 feet 3 inohM. 
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On the contrary, the Esquimaux and Bushmen have an average 
height not exceeding 4 feet 3 inches. 

42. If, instead of comparing people with people, individoal be 
compared with indiyidual, still greater departures from the average 
standard are found. Thus, we have seen giants which have 
attained the enormous height of 9 feet 6 inches, and, on the other 
hand, dwarfs whose height did not exceed 2 feet. 

43. Among persons of average height, women are about a six- 
teenth less tall than men ; but among people whose average height 
is less than the common standard, such as the Esquimoax ud 
Boshmen, there is less inequality between the sexes ; whfle ii 
those of greater average height, such as the Patagoiiiaii% tiis 
inequality is greater. In fact the sexual inequality mppean to 
vary nearly in the ratio of the mean stature. 

The inequalities of mean stature observed in comparing peopla 
with people, depend partly upon race, or partly on the physiosl 
conditions with which they are surrounded. 

44. The influence of race is more especially apparent when dif- 
ferent people, inhabiting the same country, with similar manners, 
and subject to like climatological influences, are compared together. 
In Patagonia, for example, where certain nomadic tribes of yeiy 
elevated stature prevail, there are others whose stature has about 
the ordinary standard, and at a little distance in the Tiena del 
Fuego, people of low stature prevail. The people of greatest mean 
stature are found chiefly in the southern hemisphere, either on tiifi 
South American continent, or in the several archipelagos of the 
Southern Ocean. 

45. Although people of low average stature are found within 
the tropics, and in places near the Cape of Good Hope, where the 
climate is sufficiently temperate, it cannot be doubted that a 
rigorous climate is unfavourable to the development of the human 
form, for in high latitudes in both hemispheres the inhabitants are 
invariably characterised by diminutive stature. 

Moderate cold, on the contrary, is favourable to the corporesl 
development. In France and other parts of Europe, where the 
climate is mild, the average stature is less than in the colder parts 
of Europe, such as Sweden, Finland, and even Saxony and the 
Ukraine. 

46. Temperature, however, exercises on the whole less influence 
upon bodily development than the general hygienic conditions of 
a people, and it may be received as a general principle that the 
mean stature will be so much the more elevated, and the complete 
growth sooner accomplished, other things being the same, as the 
country inhabited by a people is more fertile and abundant, and 
the sufferings and privations sustained during youth less consider- 
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able. Innumerable proofs of this truth may be found by com- 
paring nation with nation. But it may be rendered still more 
strikingly apparent by comparing together the inhabitants of 
different provinces of the same country, or even those of different 
divisions of a large city. 

47. It is well known that, by the laws of France, the army is 
recruited by conscription, in carrying out which means are inci- 
dentally supplied of ascertaining with great precision the sanitary 
condition and bodily development of the population. The capital 
of that country, containing upwards of a million of inhabitants, is 
distributed into quarters, called arrondissements, which differ one 
from another in relation to wealth or poverty, even more than do 
the various quarters of London. Thus while in the north- western 
arrondissements misery and want are rare, in some others, such as 
the 6th, the 11th, and the 12th, they prevail to a great extent. 
In the former, 45 in every 100 conscripts are found unfit for mili- 
tary service, chiefly because of insufficient stature, and the remain- 
ing 55 have an average height 5 feet 6^ inches, while in the latter 
quarters, where poverty is more prevalent, 52 in a 100 are rejected, 
and the remaining 48 have an average height of only 5 feet 6 inches. 

48. Statistical returns sufficiently exact and regular to indicate 
the average progressive growth of the human body, though rare, 
are not unattainable. In Belgium, for example, where the average 
stature is somewhat greater than in France, it has been found 
that the average height of new-bom infants is 19} inches, and at 
the end of the first year it is increased to 27| inches. 

In the second year the growth is less rapid, and in every suc- 
ceeding year becomes less and less so, until the full growtii has 
been attained. The annexed diagram, however, fig. 19, will con- 
vey a more exact notion of the mean progressive growth than could 
any mere numerical statements. It is due to M. Quetelet, to 
whose physical and statistical researches science is otherwise so 
largely indebted. The successive years in the age of an individual, 
from the moment of birth to the age of thirty, are indicated in the 
horizontal line, and the corresponding average heights in the 
vertical column. 

It appears, therefore, that at the moment of birth the infant has 
a stature equal to about 2-7ths, and at three years old, about half 
of its ultimate height. 

At the moment of birth, the average height of boys exceeds that 
of girls by about the 20th of an inch, and this difference increases 
with their growth. Nevertheless, the results obtamed by M. Quetelet 
must be received merely as first approximations ; the observations 
and inductions necessary to establish general and certain laws being 
much more numerous than any which statistical records have yet 
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Bupplied. It may, Lowerer, be aunmed that in extreme eUmatai, 

whether hot or oold, the body arrives at its full height tooDCi 

Pis Ift. 



flun in temperate oUmateEi ; ia towns Booner than in the oonntiy, 
and in plains sooner than in moactainouB distriota. 

49. The deTelopment of the body in bulk is slower than ifa 
growth in height. A new-bom infant has upon an average about 
a twentietii of the weight which it will acquire upon attaining ita 
greatest development, which takes place in general for men at 40 
and for women at fiO. 

During the first year after birth, the increment of weight ii 

' about jl, of all that it will receive daring its sabsequent existenoe ; 

-andtheinOTeaaeof weight received from the ISth tothe 20th year 

is even greater than that which is acquired in the first five yean. 

fiO. On airiTing nearly at the limit of his Btature, the male 
passing from youth to manhood undergoes several organio changes. 
His bones having acquired a lai^er proportion of the earthy ocai- 
stitoent, have increased strength, his muscles are more developed 
and powerM. His voice losing the feminine pitch which charac- 
terises boyhood, heoomea almost suddenly muoh more grave, and 
bifi beard is rapidly developed. 

The oorrespondiDg changes in the female organism are ntanifJested 
somewhat earlier, and show themselves by external forms familial 
to every eye. The chest becomes enlarged, the shouldera expanded, 
and the ^vis aoqnires greater width, and the forms of womanhood 
become conspicuously visible. In temperate climates these changes 
are manifested at from 14 to 16 years of age. In warm climates 
they take place at from 10 to 11, and in colder countries ore post- 
poned to IT or 18. 
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51. Growth produces in the species a somewhat remarkable 
change in the mechanical qualities of the bones. This important 
part of our organism consists of three constituents, fibre, cartilage, 
and the earthy matter already mentioned called phosphate of lime. 
From the fibre they derive their toughness ; from the cartilage 
their elasticity, and from the lime their hardness and firmness. 
Nothing can be more admirable in the economy of our body than 
the manner in which the proportion of these constituents adapts 
itself to the habitudes of age^ The helpless infant, exposed by a 
thousand incidents to external shocks, has bones, the chief consti- 
tuents of which being gristly and cartilaginous, are yielding and 
elastic, and incur littie danger of fracture. Those of the youth, 
whose augmented weight and increased activity demand greater 
strength, have a larger proportion of the calcareous and fibrous 
elements, but stiU enough of the cartilaginous to confer upon the 
solid framework of his body the greatest firmness, toughness, and 
elasticity. As age advances, prudence and tranquil habits increas- 
ing, as well as the weight which the bones have to sustain, the 
proportion of the calcareous constituent increases, giving the requi- 
site hardness and strength, but diminishing the toughness and 
elasticity. 

While the bones thus change their mechanical qualities as age 
advances, they diminish in number, the frame consequently having 
fewer joints and less flexibility. The bdnes of a child, whose 
habits require greater bodily pliability, are more numerous than 
those of an adult, several of the articulations becoming ossified 
between infancy and maturity. In like manner, the bones at 
maturity are more numerous than in advanced age, the same pro- 
gressive ossification of the joints being continued. 

It has been ascertained by anatomists that, on attaining the 
adult state, the number of bones constituting the framework of 
the human body is 198 ; of which 52 belong to the trunk, 22 to 
the head, 64 to the arms, and 60 to the legs. 

52. This wonderful solid structure is moved by a mechanical 
apparatus, consisting of about 400 muscles, each of which is 
attached at its extremities to two points of the body, more or less 
distant from each other, which it has the power of drawing 
towards each other by a contractile property peculiar to it. These 
muscles, however, being passive pieces of mechanism, are moved 
as already mentioned by the nerves, while the nerves themselves 
are moved by the will, and here the material mechanism ends, 
and the intellectual or the spiritual begins. 

As age advances, the organs lose their suppleness and elasticity; 
the weight of the body undergoes a sensible diminution; the 
powers of digestion and assimilation are gradually impaired ; the 
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vital flame decreases in splendour, and flickering in its socket, at 
length, and with apparent reluctance, goes out. 

53. Death, however, by the mere eflect of age, is extremely 
rare, being in most cases produced by accidental causes, to which 
imprudence exposes us. Innumerable examples prove to how 
great an extent life may be prolonged beyond its average limits. 
Without citing the extraordinary examples of longevity found in 
the records of the first ages of the world, supplied by the Sacred 
Scriptures, examples sufiiciently numerous may be produced 
nearly from our own times. 

One of the most remarkable examples of longevity which modem 
times have presented, is that of a poor fisherman, an inhabitant of 
Yorkshire, by name Henry Jenkins, who died in 1670, at the age 
of 157. Peculiar circumstances have incidentally supplied evidence 
of the great ages of this individual, and two of his sons. He was 
summoned on a certain occasion before a court of justice, to give 
evidence of a fact which had occurred 140 years previously ; and 
he appeared before the tribunal attended by his two sons, the 
younger of whom had attained the age of 100, and the elder that 
of 102. Yarious other examples are cited of nearly equal 
longevity, but for the most part they refer to times or places at 
which the registers of births and deaths were not kept with such 
regularity as to entitle the statement to confidence. It is, how- 
ever, extremely rare to find an individual who has exceeded the 
age of 100. According to the bills of mortality of the City of 
London, it appears that, of 47000 deaths which took place in the 
ten years encdng in 1762, there were only 15 centenarians. In 
France, during the three years ending with 1840, there were 
2,434993 deaths, of which 439 were reputed centenarians, which 
woidd give a proportion of about 1 in 5500. 

54. One of the saddest spectacles presented by the analysis of 
the general progress and termination of human life, is the vast 
proportion of our race which are swept away in the first years of 
their existence ; a circumstance which can only be explained by 
the care which infancy requires, and the inability of the poor and 
labouring classes to bestow it. It appears, from the statistical 
records so accurately kept in France, that of every 100 children 
bom, 24 die in the first year ; 33 in the first two years ; 40 in the 
first four years ; and 50 in the first twenty years. Thus it appears 
that only half the children bom in France survive for the purpose 
of the continuance of the race. According to similar records pub- 
lished in England, it appears that 40 in 100 die in the first 5 years, 
and 11 more between tiiat and 20 ; so that the survivors at 20 are 
something less than half the number born. 
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56. A similar calculation applied to the population returns in 
France during the 36 years ending with 1852, showed a progressive 
increase of the mean duration of life. During the first eight years, 
ending with 1824, the mean length of life was 31*8 years, and 
during the last eight years, ending with 1852, it was 36*7. Its 
mean value for the whole interval of 36 years being 34*2 years, 
the same as in England. 

Now, it wiU not fail to strike every one that this term of life is 
greatly below that which would result from general observation, 
independently of all statistical results. A person dying at thirty- 
four would be lamented by all as one taken away prematurely in 
the prime of life. This discrepancy between the results of statis- 
tics and common observation admits of easy explanation. The* 
estimate made by common observation is tacitly based upon a 
rough average taken of the ages at which those die who have 
already entered upon the scene of life, and have been recognised 
by all as members of the human family. The more exact calcula- 
tions of statistics include rigorously all that are bom into the 
world, of whom so large a proportion die in their first year ; and as 
we have seen, not less than4-10ths in that term of infancy, during 
which they can scarcely be said to be recognised by common obser- 
vation as forming part of the population. To render the results 
of the computation of the absolute duration of life applicable to 
the 6-lOths which arrive at the adult state, it wiU only be 
necessary to augment the computed duration of life in the 
ratio of 6 to 10. If, therefore, as has been shown, the actual 
mean duration of life in England and France be 34 years, 
the mean length of life of those who survive their infancy will 
be 56 years, which, it is evident, is in complete accordance with 
common observation. 

57. How much the preservation of life during infancy is de- 
pendent on parental care, is rendered conspicuously apparent by 
the melancholy fact established by the statistical returns, that 80 
per cent., or four in every five of the children abandoned in France 
as foundlings, die in their first year. 

58. The number of children resulting from each marriage is 
found by the simple method of comparing the total number of 
annual legitimate births with the total number of annual mar- 
riages. By this process, it appears that the mean number of 
children to evdry two marriages in France is seven, and in England 
eight, these mean results being subject to a very slight variation 
from year to year, 

59. The human race, as is well known, consists of a considerable 
number of varieties, difiering one from another in personal 
appearance, character, language, in their average degree of 
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moral and intellectual powers, and in their geograpHcal distribu- 
tion. Those whose observations have been mainly confined to 
the extremes of form and colour, and who have not reflected 
on the wonderful changes to which all organised beings are 
subject by various external physical causes, — changes which, 
when once superinduced, are transmitted, not only in man, 
but in inferior animals, and even in plants, through the 
series resulting from reproduction, — ^have viewed the differences 
observed among the members of the human family, not as 
characteristics of so many varieties of a single species, but as 
marks distinguishing different species of the same genus. We 
have, however, the authority of the greatest living: observer of 
nature, as developed in the animal kingdom, in opposition to this 
cheerless doctrine. 

60. ** The permanence of certain tjrpes, in the midst of most 
opposite influences," says Humboldt, "especially of climate, ap- 
peared to favour this view, notwithstanding the shortness of the 
time to which the historical evidence applied ; but in my opinion, 
more powerful reasons lend their weight to the other side of the 
question, and corroborate the unity of the human race. I refer 
to the many intermediate gradations of the tint of the skin, and 
the form of the skull, which have been made known to us, by the 
rapid progress of geographical science in modem times, to the 
analogies derived from the history of varieties in animals, both 
domesticated and wild, and to the positive observations collected 
respecting the limits of fecundity in hybrids. The greater part 
of the supposed contrasts, to which so much weight was formerly 
assigned, have disappeared before the laborious investigations of 
Tiedemann on the brain of negroes and of Europeans, and the 
anatomical researches of Vrolik and "Weber, on the form of the 
pelvis. When we take a general view of the dark-coloured 
African nations, on which the work of Prichard has thrown so 
much light, and when we compare them with the natives of the 
Australasian Islands, and with the Papuas and Alfourous, we see 
that a black tint of skin, woolly hair, and negro features, are by 
no means invariably associated. So long as the western nations 
were acquainted with only a small part of the earth's surface, 
partial views almost necessarily prevailed. Tropical heat, and a 
black colour of the skin, appeared inseparable. * The Ethiopians,' 
said the ancient tragic poet, Theodectes of Phaselis, 'by the 
near approach of the Sun-God in his course, have their bodies 
coloured with a dark sooty lustre, and their hair curled and 
crisped by his parching rays.' The campaigns of Alexander, 
in which so many subjects connected with physical geography 
were originally brought into notice, occasioned the first 
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disousiBion on tlie problematical influence of climate on nations 
and races." * 

61. Thus it appears that according to the principles admitted 
by the most eminent physiologists and naturalists, whether 
assenting or not to the doctrines of Christianity, there is nothing 
in the natural di£ferences observable between different parts of the 
human race distributed over the globe, which is incompatible with 
that part of the narrative of the origin of mankind, consigned to 
the Hebrew Scriptures, which traces the whole human race to a 
single pair and ocmstitutes them therefore as members of a common 
family. 

62. Naturalists and physical geographers have distributed by 
various classifications these varieties of men, and have generally 
given them the somewhat vague and improper name of races. 
Thus Blumenbach classifies them into five races, called the Cau- 
casian, the Mongolian, the American, the Ethiopian, and the 
Malay. Some authorities reduce this number to four, regarding 
the Malay merely as a variety of the Ethiopian. 

Dr. Prichard, on the other hand, classifies the human family 
into seven races, which he calls ; — 

The Iraunian, 

The Turanian, 

The American, 

The Hottentots and Bushmen, 

The Negroes, 

The Papuas, 

And the Alfourous. 

This division is objected to by Humboldt, and does not appear to 
have obtained general acceptation. 

63. The Caucasian race (fig. 20), p. 49, in which the population of 
Europe is included, is distinguished by the beauty of the oval form 
of the head and countenance ; by the large facial angle, amounting 
to about 90" ; by the consequent upright forehead ; the horizontal 
direction of the eyes; the absence of all projection of the cheeks ; 
fine smooth hair ; and the fair tint of the skm. They are, however, 
still more remarkable for the high degree of perfection to which 
their moral and intellectual faculties speedily attain ; a quality 
which has rendered them the most civilised people of the globe. 
They occupy all Europe, western Asia as far as the Ganges, and 
the northern part of Africa. They have derived their name of 
Caucasian from the supposition that they came originally from the 
country north of Mount Caucasus, lying between the Caspian and 
the Black Sea* Although generally fair, they include various 

* Cosmos, vol. i. p. 352, translation. 
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shades, from the extreme fairness of the red-haired northern to 
the swarthy inhabitants of certain parts of the Spanish peninsula 
and of Korth Africa. 

64. The Mongol variety (fig. 21) p. 65, differs in several respects 
from the Caucasian. Their lace is flat ; their forehead low, oblique, 
and angular ; their cheek-bones saHent ; their eyes small, and set 
obliquely ; the chin slightly prominent ; the beard sparse ; the 
hair long, straight| and black ; and the complexion a yellow or 
sallow olive. 

The languages spoken by the Mongol variety are extremely 
different from those of the Caucasian, being for the most part 
monosyllabic. This variety is spread eastwards over the countries 
occupied chiefly by the Caucasian races. They are encountered in 
the great desert of Central Asia, where the Kalmucks and other 
Mongol tribes are still nomadic. Almost the whole population of 
the eastern part of Siberia is Mongo ; but the nation which forms 
the most remarkable part of this race is the Chinese, whose vast 
empire was, of all parts of the world, the flrst civilised; although 
the exclusive spirit of their laws and customs, which has raised a 
barrier between them and the rest of mankind, has kept them 
stationary for ages. 

65. The Malay variety occupies the islands of the Indian Archi- 
pelago, New Zealand, Chatham Islands, the Society Group, the 
Philippines and Formosa, and several of the Polynesian Islands. 
They are dark ; have lank, coarse, and black hair ; flat faces ; and 
eyes obliquely set. In their moral and social qualities, they vary 
extremely in different localities ; some being active and ingenious, 
mild and gentle, and considerably advanced in the arts of life ; 
while others are ferocious, vindictive, daring, and predatory. To 
this variety are generally referred a considerable part of the popu- 
lation of the extreme north of Europe, such as the Greenlanders, 
Laplanders, Samoides, and Esquimaux. 

66. The Ethiopian variety, or Negro (fig. 22), is characterised by 
his compressed skull, small facial angle, flat nose, salient jaws, 
thick lips, woolly and crisped hair, and black skin. The habitation 
of this variety is south of Mount Atias, and is spread over all the 
remainder of the African continent, Madagascar, Australia, Min- 
danao, (Hllolo, the islands of Borneo, Sumbawa, Timor, and New 
Ireland. It consists of several sub- varieties, such, for example, 
as the Moeembics, the Bushmen, and the Hottentots. 

67. The American variety is generally characterised by a 
copper-coloured skin, sparse beard, and long black hair. They 
differ extremely, however, one from another ; some tribes mani- 
festing a close analogy to the Mongols, others approaching close 
to the external characters of Europeans ; the nose is generally 
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prominent, like the European ; the eyes being large, regular, and 
disclosed by widely opened lids, 

68. The question of the descent of all these varieties from a 
common origin, is closely connected with the analysis of languages. 
Nothing affords a more conyincing proof of identity of origin 
than the discovery of similar forms of expression and terms, 
having like roots in the tongues spoken by distant people. '< But 
here,'' observes Humboldt, ** as in all fields of ideal speculation, 
there are many illusions to be guarded against, as well as a rich 
prize to be attained. Positive ethnographical studies, supported 
by profound historical knowledge, teach us that a great degree of 
caution is required in these investigations concerning nations, and 
the language spoken by them at particular epochs. Subjection to 
a foreign yoke, long association, the infiucnce of a foreign religion, 
a mixture of races, even when comprising only n small number of 
the more powerful and more civilised emigrating race, have pro- 
duced in both continents similar recurring phenomena, viz., in 
one and the same race two or moro entirely different families of 
languages, and in nations differing widely in origin, idioms be- 
longing to the same linguistic stock. Great Asiatic conquerors 
have been most powerfully instrumental in the production of 
striking phenomena of this nature. 

'^ But language is an integral part of tho natural history of the 
human mind ; and, notwithstanding tho freedom with which the 
mind pursues perseveringly, in happy independence, its self- 
chosen direction imder the most different physical conditions, — 
notwithstanding the strong tendency of this freedom to withdraw 
the spiritual and intellectual part of man's being from the power 
of terrestrial influences, yet is the disenthralment never completely 
achieved. There ever remains a trace of the impression which the 
natural disposition has received from climate, from the clear azure 
of the heavens, or from the less serene aspect of a vapour-loaded 
atmoi^here. Such influences have their place among those thou-^ 
sand subtle and evanescent links in the electric chain of thought, 
from whence, as from the perfume of a tender flower, language 
derives its richness and its grace." 

By maintaining the imity of the human species, we at the 
same time repel the cheerless assumption of superior and inferior 
races of men. There are families of nations more readily susceptible 
of culture, more highly civilised, more ennobled by mextal culti- 
vation than others, but not in themselves more noble. All are 
alike designed for freedom; for that freedom which in ruder 
conditions of society belongs to individuals only, but where states- 
are formed, and political institutions enjoyed, belongs of right tO' 
the whole community. "If," says Wilhelm von Humboldt,. 
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"we would point to an idea which all history throughout its 
course discloses as ever establishing more firmly and extending 
more widely its salutary empire, — ^if there is one idea which 
contributes more than any other to the often-contested, but still 
more often misunderstood, perfectibility of the whole human 
species, — ^it is the idea of our common humanity tending to remove 
the hostile barriers which prejudices and partial views of every 
kind have raised between men : and to cause all mankind, without 
distinction of religion, nation, or colour, to be regarded as one 
great fraternity aspiring towards one common end, the &ee 
development of their moral faculties. This is the ultimate and 
highest object of society ; it is also the direction implanted in man's 
nature, leading towards the indefinite expansion of his inner 
being. He regards the earth and the starry heavens as inwardly 
his own, given to him for the exercise of his intellectual and 
physical activity. The child longs to pass the hills or the waters 
which surround his native dwelling, and his wish indulged, as 
the bent tree springs back to its first form of growth, he longs to 
return to the home which he had left ; for by a double aspiration 
after the unknown future and the imforgotten past, after that 
which he desires and that which he has lost, man is preserved by 
a beautiful and touching instinct from exclusive attachment to 
that which is present. Deeply rooted in man's most innate 
nature, as well as commanded by his highest tendencies, the full 
recognition of the bond of humanity, of the commimity of the 
whole human race with the sentiments and sympathies which 
spring therefrom, becomes a leading principle in the history of 
man." * 

69. When we come to trace the conduct of man as an individual 
member of the social body and to connect it with his physical 
organisati<m, we tread upon the interesting groimd which forms 
the confines between the legitimate territories of the physiologist 
and psychologist, between the provinces of the natural pUlosopher 
and the theologian; and however closely our vocation and habi- 
tudes have attached us to the contemplation and investigation of 
mere physical laws, we cannot forbear to throw a passing glance 
into the spiritual world. 

70. Man's nature, according to the admission of all, is a com- 
pound of the material and the intellectual. According to some, to 
whom, on that accoimt, the name of materialists has been given, 
the intellectual is a mere function or property of the material part 
of our nature. According to others, the intellectual is a function 
of a spiritual essence, which is independent of our material organi- 

* Cosmosy translation, p. S54. 
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sation, thougli inseparably connected with it during human life. 
The name of spiritualists has, accordingly, been given by contra- 
distinction to the latter. 

71. Our nature being thus compound, let us see how far we can 
trace the connection between its mere physical part and the 
thinking and intelligent principle which abides in it. 

72. There is a principle called in metaphysics personal identity, 
which consists in the internal consciousness by which each 
individual knows his past existence, so as to be able, with the 
greatest certainty of which the judgment of our minds is sus- 
ceptible, to identify himself existing at any given moment with 
himself, existing at any former time and place. Nothing in 
human judgment can exceed the clear certitude wliich attends 
this consciousness. The Duke of Wellington, on the eve of his 
death at Walmer, had an assured certainty tiiat he was himself 
the same individual intelligent thinking being, who, on the 18th 
of Jime, 1815, commanded at Waterloo the allied* armies. Now 
to what, let us ask, did this intense conviction and consciousness 
of identity apply? What was there in common between the 
individuals who died at Walmer and who commanded at Waterloo? 
The reply to this question wiU require that we shall recur for a 
moment to our physical organisation. 

73. The human body consists of bones, flesh and blood, each of 
which is, however, itself a compound substance, and the whole is 
impregnated in a large proportion with water. Thus, the quantity 
of blood in an average body is 20 lbs., of which 15 lbs. are water, 
the other 5 lbs. consisting of those material constituents which are 
necessary for the supply of the growth or the repair of the body. 
The flesh, commonly so called, is pervaded by blood-vessels, and 
therefore, strictly speaking, is a combination of flesh and blood. 
In like manner, the bones are pervaded to their very centres by 
innumerable blood-vessels, so minute as to be microscopic, by 
which their growth is supplied and their waste repaired. Taking, 
however, the terms flesh, blood, and bone in their proper meaning, 
excluding from each the water with which it is impregnated, and 
excluding from the flesh and bone the blood which pervades them 
respectively, the material constituents of an average human body 
may be thus stated : — 

Bone 14 lbs. 

Flesh and blood . . . .24 
Water 116 

The bone, when submitted to analysis, is shown to consist of 
certain earthy matter, the chief part of which is lime and a 
substance called gelatine ; this gelatine itself being a compound, 
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• 
one half of which is pure charcoal, called by chemists carhoUf and 
the other a combination of the gases which constitute common air 
and water. From this analysis it follows that, in round numbers, 
the 14 lbs. of bone which enter into the composition of the human 
body, omitting minute fractions and insignificant quantities, 
consist of 10 lbs. of lime, 2 lbs. of charcoal, combined with 2 lbs. 
weight of the gases just mentioned. 

A similar analysis of flesh and blood shows that they consist, in 
nearly equal parts, of charcoal and the same gases, so that the 
24 lbs. weight of these substances which enter into the composition 
of an average body, are resolved into 12 lbs. of charcoal, combined 
with an equal weight of the gases already mentioned. 

Thus, in fine, the ultimate materials of the average human body, 
are 14 lbs. of charcoal and 10 lbs. of lime, impregnated with 
116 lbs. of water, and 14 lbs. weight of the gases wMch form air 
and water, that is, oxygen f nitrogen^ and hydrogen, 

74. Now those who think that the intellectual principle residing 
in the human body is nothing more than a quality or a property 
arising from the matter composing it, must be able to imagine 
how 14 lbs. of charcoal, 10 lbs. of lime, and 116 lbs. of water can be 
80 mixed up with 14 lbs. of air as to make a material thing — 
machine let us call it — ^which can feel, think, judge, remember, 
and reason. Let us try to imagine, for example, the possibility of 
such a mass of charcoal, lime, and water discovering the existence, 
position, and motion of the planet Neptune before it was ever 
seen ; of ascertaining the periodicity of the planetary inequalities, 
countless ages before many of tiiese inequalities had passed 
through one of their periods ; of inventing the printing press, the 
ship, the steam-engine, and the electric telegraph ; of composing 
'' Paradise Lost ; " of producing the Transflguration and the 
Antinous, or of designing the Parthenon I 

But it will be answered, that the power of intelligence is 
ascribed not to the mere inert materials of the human body, but 
to their organisation. What, then, is organisation ? Let us not 
be misled by a long and learned word. Organisation is, and can 
be, but some particular way of arranging the parts of which any 
thing is composed. Thus, a given number and weight of stones 
may be arranged in a thousand different ways, so as to compose as 
many different structures, but each such sixucture is still a mere 
mass of stone. It is true that the simple material elements which 
we have enumerated above may be, and are, curiously combined 
and arranged, so as to produce the human body. But after this is 
accomplished, we are left as far as ever from any explanation as 
to how the mere arrangement and peculiar juxta-position of the 
material atoms, thus composing such a body, can produce the 
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prodigious powers of intellect which have been developed in the 
history of the progress of the human mind. 

75. But even admitting a supposition apparently so impossible^ 
the question of personal identity, which we have referred to 
above, will raise an insuperable objection to it. Physiologists 
and anatomists have proved that the matter which composes 
our bodies is subject to continual change. Every part of our 
organisation, even to the innermost cores of our bones, is 
subject to this never-ceasing process of mutation. The food 
which we take into our stomachs contains, combined with 
some other matters, all the constituents necessary to compose our 
bodies. In the process of digestion, those parts which are unsuited 
to our bodies are rejected, and the several suitable parts passing 
into the blood, are carried by it through the circulating apparatus 
to all parts of the system ; to the bones, as well as to tiie flesh 
and softer parts ; the peculiar constituents necessary for the 
maintenance of each part respectively being deposited there in the 
proper proportion, and the waste carried away. This process of 
constant renovation and removal of used-up matter— of offal, as 
it were — goes on equally throughout the bones as throughoiut the 
softer parts. Now, it will be evident that, in such an unceasing 
process of rejection and renovation, the entire mass of matt^ 
composing the body must in a certain period, longer or shorter, 
imdergo a complete change, so that, corporeally speaking, an indi- 
vidual, at any given period of his life, has not in his entire oompo* 
sition a single material atom which he had at a certain previous . 
period. It was the opinion of former anatomists and physiologists, 
that the body undergoes this complete change of the matter com- 
posing it every seven years ; but more recent and exact observations 
and calculations, founded upon rigorous analysis of the phenomena 
of digestion, circulation, respiration, and other less important 
functions, have proved this estimate to err by excess. 

The 116 lbs. weight of water which forms three-fourths of the 
maHer composing our bodies, is rejected with great rapidity 
in respiration, transpiration, and natural discharge. The 
carbon is expired with each action of the lungs in large quan- 
tities, combined with oxygen, another constituent of our bodies, in 
the form of carbonic acid. The lime escaping in other ways 
is rejected from our bones, and replaced by a fresh supply. 
There is not a movement of the body, whether voluntary or 
involuntary ; not an action of a member, a muscle, or a nerve ; 
not a pulsation of the heart or of an artery ; not a peristaltic 
motion of the intestines, which is not the proximate cause of 
the rejection of used-up matter and the demand for a fresh 
supply from the digestive apparatus, just as in a machine the 
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wear and tear of the parts is proportional to the force and con- 
tinuance of their motions. 

76. Although the rapidity with which the materials of the 
body are thus changed varies in comparing one indiyidual with 
another, according to their varying habitudes and occupations, it 
appears that a total change of the material constituents of the 
body takes place within an interval much shorter than was 
supposed by the early physiologists. According to some autho- 
rities, the average length of this interval does not exceed thirty 
days. It is, however, generally agreed that it is a very brief 
period.* 

77. This then being the case, let us again ask what is it that 
was identical in the Duke of Wellington dying at Walmer in Sept. 
1852, with the Duke of Wellington commanding at Waterloo in 
June, 1815 P Assuredly it was not possible that there should 
have been a single particle of matter common to his body on the 
two occasions. The interval consisting of thirty-seven years and 
two months, the entire mass of matter composing his body must 
have undergone a complete change several hundred times — ^yet 
no one doubts that there was something there which did not 
undergo a change except in its relation to the mutable body, and 
which possessed the same thought, memory, and consciouaness^ 
and constituted the personal identity of the individual ; and since 
it is as demonstrable as any proposition in geometry that that some- 
thing which thus abode in the body, retaining tiie consciousness^ 
of the past, could not have been an atom, or any number of atoms, 
of matter, it must necessarily have been something not matter, 
that is to say, something spiritual. 

Habituated for so long a period to the rigorous logic of physics^ 
and mathematics, I confess I can see nothing in its results more 
conclusive than this proof of the existence of a spiritual essence 
connected with the human organisation. At this point, however, 
the support which the physical inquirer can offer to the theologian 
terminates. If there is nothing in the disorganisation of the 
human body and the phenomena of death to demonstrate the 
simultaneous destruction of the spiritual principle, the existence 
of which is thus established, there is, on the other hand, nothing 
to prove its continued existence, and for that we are thrown upon 
the resources of revelation, and this might indeed have been 
foreseen ; for if the continued existence of the spirit, or, in other 
words, a future state, were capable of demonstration by the 

* We are not aware of any dissentient from the complete periodical 
change of matter composing the body, except Professor Milne Edwards, 
who, without absolutely denying the principle, thinks that it has not beea 
satiafactorily demonstrated. 
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ordinaiy fiEumlties of the mind, it would have been incompatible 
with the divine economy to have rendered it the subject of 
revelation. God does not suspend the laws of nature to reveal by 
miraculous means those truths which are discoverable by the 
exercise of our natural faculties. 

78. As the motions and changes produced upon inert matter 
are physical and mechanical, so human actions are moral and 
intellectual phenomena. By duly comparing together the former, 
we are enabled to arrive at generalisations which are the expres- 
sion of laws, the knowledge of which enables us to foresee, with 
certainty and precision, how any proposed bodies will comport 
themselves at any future time, and in any given place, under 
given conditions. It might, therefore, be naturally expected that 
the moral and intellectual phenomena of human actions, coming 
as truly within the range of natural facts as mere physical 
phenomena, could be equally classified and generalised, and that, 
consequently, natural laws might be equally established, by the 
knowledge of which this latter class of phenomena could, under 
given conditions, be predicted as clearly and certainly as the 
former. 

79. An essential difference, however, between the two classes 
of phenomena renders a corresponding distinction in the expres- 
sion of the general laws to which they are subject, necessary. 
Bodies consisting of mere inert masses of matter are susceptible 
of no motion save what they derive from the operation of external 
forces; and when such forces are given, their effects can be 
calculated and predicted. But the moral and intellectual phe- 
nomena h^re referred to, proceed from an internal and spontaneous 
act of the will of the individual, which cannct be kaown ante- 
cedently by the individual himself, and still less by others. The 
will also being absolutely free, the individual may, under given 
conditions, act in any conceivable manner ; and consequently, as 
regards such an individual, the actions cannot be reduced like 
physical facts to a general law. Men being thus free agents, and 
their actions being subject to impulses arising from characters, 
temperaments, passions, surrounding excitements and personal 
circumstances infinitely various, it might naturally be expected 
that the record of the actions of any large society of individuals, 
such as the population of a city, province, or country, would 
present a confused and heterogeneous mass of facts altogether 
unsusceptible of rule, law, or generalisation ; and that, conse- 
quently, such record preserved of the past would throw no light 
whatever upon the probable future of the conduct of such a 
multitude of free agents. 

80. Careful and accurate analyses of the acts of men, so far as 
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they have been registered in public records entitled to confidence, 
prove, however, that such is not the case ; and that although they 
individually act with perfect freedom of will, yet their acts 
collectively conform to laws scarcely less rigorous than that of 
gravitation, and that, consequently, although the freedom of 
individual will renders it impossible that the individual acts can 
be predicted, the same impossibility is not at all applicable to oollec* 
tive acts. On the contrary, statistical records prove incontestably 
that acts which, taken individually, cannot for a moment be 
doubted to proceed from the impulses of a fr^e and independent 
will, taken collectively, recur with as much regularity and pre- 
cision as the fall of a heavy body by gravitation. It is true that 
such acts, when classified and generalised, give average results 
from which the individual cases depart more or less on the one 
side than on the other ; but this is no more than takes place with 
the physical phenomena of inert matter, all of which oscillate 
round a mean state, the departures from which have received the 
name of perturbations. In moral and intellectual, as well as in 
physical and mechanical phenomena, there are also perturbations, 
but, like the latter, these are also confined within narrow limits. 
The sole difference in the two classes of natural effects being, that 
in the one case the condition of bodies may be predicted indi- 
vidually, while in the other it can only be predicted collectively. 

81. Those who have prosecuted their researches most exten- 
sively in the modern science of Statistics, have proved that the 
effects of the free will of individuals composing large societies 
completely neutralise each other, and that such communities taken 
collectively act as if the whole body had by common consent agreed 
to follow a certain prescribed course of conduct, not only in 
matters which might be imagined to be more or less of common 
interest, but even in those in which no feeling could be imagined 
to be engaged, save the will, taste, personal inclination, or even 
caprice, of the individual. 

82. There is, perhaps, no act of our lives which so exclusively 
concerns and interests us personally as that of marriage. Although 
parents and friends must be admitted to exercise more or less 
inflnence, yet, in the main, individuals of the different sexes are 
united together by their personal choice and inclination. This 
being the case, it might be imagined that the frequency of 
marriages, and the relative ages of the parties contracting them, 
would be as various as the tastes, feelings, inclinations, and 
personal characters of the individuals composing the community. 
Yet we find that such is not the case ; but that, on the contrary, 
not only the frequency of marriages, but the relative ages of the 
parties contracting them, are subject to laws quite as rigorous as 



COMMON THINGS — MAN. 

those which govern the motions of the solar system. Thus we 
find, that in the same country, in a series of sucoessiye years, the 
same average numher of marriages are contracted, the departures 
from the average being, like the planetary inequalities, small and 
self-compensatory. If there is a small excess in one year above 
the average, there is sure to be a corresponding deficiency in 
another. 

Thus, for example, in England and Wales during the five years 
from 1845 to 1849 inclusive, the average number of marriages 
was 142800, and the actual number in each year varied from this 
average by not more than a few hundreds. In 1851 and 1852, 
with an increased population, the average number was increased 
to 156000, from which the variations were equally inconsiderable. 
In countries, however, where statistical registers are kept with 
more circumstantial precision than in England, results affording 
more striking illustrations of these principles may be obtained. 
In Belgium, for example, to the statistics of which the labours 
and talents of M. Uuetelet have been directed, some very remark- 
able circumstances bearing on this question have been developed. 
Thus, it appears that, for a scries of years before and after 1840, 
the average number of marriages contracted in that country was 
29130. How completely obedient the population was in the 
fulfilment of this statistical law, may be seen by the following 
•exact number of marriages contracted in the five years succeeding 
1840 :— 

TEARS. HARRIAQES. 

1841 29876 

1842 29023 

1843 28220 

1844 29326 

1845 29210 

Thus it appears that in 1841, 1844, and 1845, the number of 
marriages exceeded, while in 1842 and 1843 they fell just as far 
short of the average; just as the velocity of a planet near its 
perihelion exceeds, and near its aphelion falls short, of its mean 
motion. 

83. But this is neither the only, nor by any means the most 
remarkable, example of the play of general laws in human actions, 
which, of all others, must be admitted to be the most completely 
voluntary. Thus, for example, when a man of 30 chooses a wife 
above 60, he can scarcely be imagined to be controlled by the 
infiuence of parents. Yet it appears that the frequency of such 
marriages is as regular as the annual motion of the sun. Take 
the following examples. In Belgium, the average number of men 
not above 30 marrying women above 60 annually is 6, and the 
94 



GENEfiJLL LAWS. 

departures from this either way is usually limited to 5 or 7. If in 
one year there are 7 such marriages, it is sure to be preceded or 
followed immediately or mediately by another year in which the 
nmnber is only 5. Again, the number of men between 30 and 45 
isontractiug marriage with women aboye 60 is annually 18, subject 
to a small occasional variation one way or the other. In the same 
way, it appears that the number of men from 45 to 60 marrying 
women above 60 is annually 27. 

The same regularity is found to characterise the number of mar- 
riages between couples within any other prescribed limits of com- 
parative age. 

84. The number of children resulting from each marriage cannot 
be considered as depending on will. But assuredly the calling into 
the world of illegitimate children must be admitted to have the 
character of a voluntary act ; yet it is found, that in each country, 
the annual number of illegitimate children bears a fixed ratio to 
the number of marriage-bom. In France and Belgium this ratio 
is 1 to 1 3. In England the proportion is found to be ezactiy the 
same, and this appears to occur, from year to year, in both 
countries with all the regularity of physical law. 

85. The statistics of crime being especially susceptible of exact 
record, have been submitted to the same careful examination by 
M. Quetelet, from whose researches it appears, that in the same 
country the same number of crimes of tiie same description are 
committed annually; and this curious result is found equally to 
attend those classes of crimes which it would seem most impos- 
sible to foresee. But, connected with these criminal statistics, 
there is a circumstance still more curious and remarkable. It 
necessarily happens, in the administration of criminal justice, 
that, through the want of sagacity in the examining magistrates, 
and a multitude of fortuitous circumstances surrounding the 
accused, a considerable number of guiltless persons are brought 
to trial. Now, will it be believed, that such is the prevalence of 
general laws, that even in this class of moral phenomena, founded 

• on the results of fallible judgment, a rigorous law prevails, and 
we find that, in each country, the proportion of persons charged 
with offences who are acquitted, is from year to year the same ? 
Thus, for instance, in France, 39 in every 100 of those accused 
are as regularly acqidtted as if the decisions of the juries were 
made by putting 61 black balls and 39 white ones into a box, 
and deciding the fate of the criminals by ballot. 

86. It is not only, however, voluntary acts which are subject 
to this numerical regularity. Collectively speaking, persons re- 
member and forget certain things with as much regularity as if 
memory and attention were the result of wheel-work, A very 
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oonunon instanoe of forgetfiilness is presented by persons posting 
letters without any address written upon them. The number of 
times this act of obliyiousness annually happens is known with 
the greatest precision, inasmuch as such letters are transferred to 
and recorded in a bureau specially devoted to the purpose in each 
post-office. Now, it is found by the Post-Office returns in England 
and France, that the number of these unaddressed letters in each 
country is almost exactly the same from year to year. In London 
the number of such letters is about 2000, being at the rate of above 
6 per day. 

But connected with this is another circumstance equally re- 
markable. A certain proportion of these letters is found to contain 
money and other valuable enclosures ; and, like the whole number, 
this proportion is also invariable. 

87. The conclusion at which we arrive then is, that the great 
principle in virtue of which the Author of nature carries out His 
purposes by the operation of general laws is not, as it would 
first appear, incompatible with the freedom of human agency, 
and therefore with man's moral responsibility. The same 
character of generality attaches to the laws which govern the 
moral and intellectual phenomena of human actions, considered 
collectively, as those which attach to mere physical phenomena. 
But these laws not being applicable to human actions, considered 
individually, leave free will and moral responsibility inviolate. 
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CHAPTEE I. 

1. Fleasnns and advantages of the pover of Tis[Dii. — 2. BeasonB wh; a 
knowledge of tbe stru^^ture and fuactiona of the eye is deeiiable. — 
3. DeBcription of the eye. — i. Sclerotita and cornea. — 5. Aqneons 
homour, popil, and iria. — 6. Crjstalline hnmonr and ojliarj proceaaea. 
— 7. Choroid.— S. Retina and vitreons humour. — 9. Asia of tbe eje 
and optic nerve. — 10. Numerical data. — 11. Limits 6! tbe pU7 of 
the eje. — 12. Adironiatism of the eje. — 13-18. How vision ia 
cauaed.— 17. Conditions of perfect vision.— 18. DieUnctneBB of the 
image. — 19. Parallel raya. — 20, 21. Defects of viaioQ and their 
lentediea. — 22-24. Power of adaptation, — 25-29. Limits of this 
power.— 30, 31.— Causes of defective viaon.— 32. Magnitude of the 
image on the retina.— 33. Apparent magnitude defined. — 31-37. 
Nature of its variation. — 38'40. Diminativeneea of the pcture* <m 
the retina. — 41. Sufficiency of illumination. 

I. Of all the organs of sense, that to which we are moE^ 
largelj indebted is unq^uestionablj' THE EYE. It opens to us the 
widest and most varied range of obserration. The pleasnres and 
advantages we derive from, it directly and indirectly have neither 
cessation aor bounda. It guidea our steps through the world we 
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inhabit. It invests us with a space-penetrating power to which 
there seems to be no practical limit. By the exercise of this 
power, we enjoy the unspeakable pleasure of sutreying the phy- 
sical universe, consisting of countless myriads of worlds dispersed 
through the measureless abysses of space, worlds compared with 
most of which this of ours is of most diminutive dimensions. 
These stupendous globes roll in silent majesty round remote suns 
which warm and illuminate distant spheres, and collected in vast 
groups, are often presented to our eye as mere nebulous specks, 
but when viewed with high telescopic aid, blaze into stellar masses 
of the most ddzzling splendour. System after system of worlds 
like our own are thus displayed before us, which, according to all 
analogy, are similarly peopled, and destined to fulfil like destinies 
in the moral economy of creations, — theatres of life and intelligent 
teeming with evidence of the incessant play of boundless power, 
wisdom, and goodness. 

Although the eye, strictly speaking, is cognisant only of light 
and colours, yet from an habitual comparison of combinations and 
tints of colour with the forms of bodies, as ascertained by the 
sense of touch, we arc enabled, with the greatest facility, promp- 
titude, and precision, to recognise by the sight, the forms, mag- 
nitudes, motions, distances, and positions, not only of the objects 
which surround us, and which we can approach, but also of 
those constituting the material universe, which are inaccessible. 

This vast range of observation, however, great as it is, forms 
but a small part of the sources of pleasure and advantage supplied 
by this organ. We have, besides, the inestimable advantages and 
the great moral powers which arise from the ability it bestows 
upon us to acquire knowledge through the study of books. It 
enables us to converse with and derive instruction from the most 
learned, the most wise, and the most virtuous of our own and all 
former ages ; and although those who have the misfortune to be 
deprived of this important organ, can, to some small extent, 
replace it by the ear, aided by the eye of another ; yet this, and all 
other expedients contrived for their relief, supply results infinitely 
small and insignificant compared with those which are obtained by 
the organ itself. 

2. The eye, considered in itself apart from its uses, is a most in- 
teresting and instructive object. It affords beyond comparison the 
' most beautiful example of design, structure, and contrivance, that 
' is to be found in the animal economy. Nowhere do we find so 
remarkable an adaptation of means to an end, of means consisting 
of the most profound combination of scientific principles, and an 
end manifesting the operation of a will directed by the most 
boundless beneficence. 
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This organ is, for these reasons, a subject of inquiry and expo- 
sition, which must be regarded with the most lively interest by 
every one, whatever be his station, who is endowed with the least 
understanding or reflection. But besides the general considera- 
tions here developed, it is also to be remembered that, without a 
previous knowledge of the structure and functions of the eye, it is 
impossible to comprehend the use and application of the innumer- 
able optical instruments which have been invented to aid its 
. defects, whether natural or accidental ; to repair the ravages of 
time, and to supply to age a renovated and re-invigorated organ of 
vision ; to replace the diseased optical membrane removed by the 
knife of the surgeon, and thus restore sight where absolute blind- 
ness had ensued ; to bring within the range of accurate vision 
objects rendered indistinctly visible, or altogether invisible, either 
by reason of their remoteness or minuteness. These admirable 
instruments can be easily rendered intelligible, provided a general 
knowledge of the structure and functions of the eye be first 
obtained, but not otherwise. 

"We purpose, therefore, to devote the present tract to a popular 
and simple exposition of the eye, and more particularly^ the 
human eye. 

3. Tho eyes, as they exist in the human species, have the form, 
as is well known, of two spheres, each about an inch in diameter, 
which ore surrounded and protected by strong bony sockets 
placed on each side of the upper part of the nose. The external 
coating of these spheres is lubricated by a fluid secreted in adjacent 
glands, and spread upon them from time to time by the action of 
the eye-lids in winking. 

The eye-balls are moved by muscles connected with them within 
the socket upon the principle known in mechanics as the ball and 
socket joint. 

A front view of the eyes and surrounding parts is shown in 
fig. 1, a section of them made by a horizontal plane through tho 
line A B, which passes through the centre of the front of the eye- 
balls, being shown in fig. 2 (see p. 49]. 

4. The external coating c n f e consists of a strong and tough 
.membrane, called the sclerotica, or sclerotic coat. A part of this 
membrane is visible when the eye-lids are open at w, and is called 
the white of the eye. In this part of the eye-ball there is a 
, circular opening, covered by a thin and perfectly transparent shell 
p a F, called the cornea. This cornea is more convex than the 
general surfSace of the eye-ball, and may be compared to a watch- 
-glass. It is connected round its edge with the sclerotica, which 
differs from it, however, both in colour and opacity, the sclerotica 
being white and opaque, while the cornea is perfectly colourless 
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and transparent. The thickness of the cornea is everywhere the 
same. 

The cornea covers that part of the front of the eye which is 
coloured, and is terminated round the coloured part at the com- 
mencement of the white of the eye. 

5. Within the cornea is a small chamher filled with a trans- 
parent liquid, called the aqueous humour, partially divided hy a 
thin annular partition i, called the iris, in the centre of which 
is a circular aperture p, called the ^j?/jo?7. The iris is a memhra- 
neous substance varying in colour in different individuals, which 
gives the peculiar colour to the eye. The pupil presents the 
appearance of a black spot in the centre of the coloured part. A 
front view of the iris and pupil is given at i and p, and a section 
is indicated by the same letters in lig. 2. 

6. The membrane containing the aqueous humour is terminated 
at its posterior part by a substance in the form of a double convex 
lens, which contains another transparent liquid, called the crys- 
talline humour. This lens k is somewhat greater in diameter than 
the pupil, and is supported by a ring of muscles, called the ciliary 
processes (represented at l), in such a position that its axis passes 
through the centre of the pupil. 

Thus the crystalline and the ciliary processes, with the cornea, 
include the membrane containing the aqueous humour. 

7. Within the sclerotica is a second coat N, called the choroid* 
This is a vascular membrane which lines the internal surface of 
the sclerotic coat, and which terminates in front in the ciliary 
processes, by which the crystalline lens is set in it in the same 
manner as the cornea is set in the sclerotic coat. 

Some anatomists maintain that the iris is only a continuation 
of the choroid, and that the cornea is a continuation of the 
sclerotic coat, which there becomes transparent. The inner surface 
of this choroid coat is covered with a slimy pigment of an intensely 
black colour, by which the reflection of the light which enters the 
eye is prevented. 

8. A third coat, represented at o, called the retina, from the 
resemblance of its structure to network, lines this black coating. 

The internal chamber q of the eve-ball is filled with a trans- 
parent liquor, called the vitreous humour, which is included in 
a membraneous capsule, called the hyaloid. 

Thus between the cornea and the post-erior surface of the eye 
there are three successive humours ; the aqueous, contained by 
the cornea; the crystalline, contained by the crystalline lens; 
and the vitreous, which fills the inner and larger chamber of the 
€ye-ball. 

9. A straight line M T passing through the centre of the cornea^ 
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eoinciding with tKe axis of the crystalline lens, and through 
the centre of the eye-ball, is called the optical axis, or the axis 
of the eye. 

At a point of the posterior surface of the eye-ball between 
the optical axis u T and the nose, the sclerotic coat is formed 
into a tube, which leads backwards and upwards to the brain. 
This tube contains within it the optic nerve, which at the point 
c E, where it enters the eye-ball, spreads out over the inner 
surface of the choroid and forms the retina, and includes the 
hyaloid capsule containing the vitreous humour. 

The retina must therefore be regarded as nothing more than the 
continuation and diffusion of the optic nerve. 

The retina, which in dissection admits of being easily separated 
from the choroid, is absolutely transparent, so that the light or 
colours which enter the inner chamber of the eye are not inter- 
cepted by it, but penetrate it as they would any other thin and 
perfectly transparent substance, and are only arrested by the black 
coating spread upon the choroid. 

10. The following are the average numerical data connected 
with the eye : — 

lOOths of an inch. 



Kadius of sclerotic coating 

Hadins of cornea .... 

External diameter of iris 

Diameter of pupil .... 

Thickness of cornea .... 

Distance of pupil from centre of cornea 

Distance of pupil from centre of crystalline 

Badius of anterior surface of crystalline 

Radius of posterior surface of crystalline . 

Diameter of crystalline 

Thickness of crystalline 

Length of optic axis .... 



39 to 43 
28—32 
43 — 47 
12—23 

4 

8 

4 

28 — 39 
20 — 24 
39 
30 
87 — 95 



11. The limits of the play of tho eye-ball are as follows : — The 
optic axis can turn in the horizontal plane through an angle of 
60" towards the nose, and 90* outwards, giving an entire hori- 
zontal play of 150°. In the vertical direction it is capable of 
turning through an angle of 50" upwards and 70** downwards, 
giving a total vertical play of 120°. 

12. When an image of any object is formed by a lens composed of 
a single piece of glass or other transparent substance, it is always 
tinged more or less at its edges with the prismatic colours, giving 
it a sort of iridescence. This constituted a defect of the telescope, 
which seemed so irremediable that many astronomers had recourse 
by preference to reflectors, in which no such effect is produced. At 
length it was discovered that this defect could be completely 
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removed by lenses, composed of two species of glass, having difSe* 
rent refracting powers, and whose curvatures are mutually adapted 
aceordin"^ to principles established in optics. 

Now, it is a curious and highly interesting fact, that the eye, 
which, as we know, is entirely free from this defect, owes its 
perfection in this respect to the application of precisely the same 
optical principle in its structure, so that if the first inyentors of 
the telescope had only thought of copying more closely the stmc- 
ture of the eye, they would have discovered sooner the principle 
of ACHROMATISM, the name given to this precious quality of lenses, 
from two Greek words, signifying the absence of colour. 

13. The structure of the eye being thus understood, it will be 
easy to explain the effect produced within it by luminous or illu- 
minated objects placed before it. 

Let us suppose rays of light proceeding from any luminous 
object, such as the sun, incident upon that part of the eye-ball 
which is left uncovered by the open eye-lids. 

Those rays which fall upon the white of the eye, w, &g, 1, 
render visible that part of the eye-ball. Those rays which fall 
upon the cornea pass through it. The exterior rays fall upon the 
iris, by which they are reflected, and render it visible. The 
internal rays pass through the pupil, are incident upon the crys- 
talline, which, being transparent, is also penetrated by them, 
from which they pass through the vitreous humour, and finally 
reach the posterior surface of the inner part of the eye, where 
they penetrate the transparent retina, and are received by the 
black surface of the choroid, upon which they produce an illu- 
minated spot. 

The aqueous humour being more dense than the external air, 
and the surface of the cornea, which includes it, being convex, rays 
passing from the air into it will be rendered by a general law of 
optics more convergent, or less divergent. 

In like manner, the anterior surface of the crystalline lens 
being convex, and that humour being more dense than the 
aqueous, a further convergent effect will be produced. 

Again, the posterior surface of the crystalline being convex 
towards the vitreous humour, and this latter humour being less 
dense than the crystalline, another convergent effect will take 
place. These rays passing successively through these three 
humours, are rendered at each surface more and more convergent. 

14. If an object be placed before the eye, pencils of rays will 
proceed from it, and penetrate the successive humours ; and if 
these pencils be brought to a focus at the posterior surface, an 
inverted image of the object will be formed there, exactly as it 
would be formed by lenses composed of ony transparent media 
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whose refracting powers would correspond with each of the 
humours. 

15. That this phenomenon is actually produced, may bo ren- 
dered experimentally manifest by taking the eye-ball of an ox 
recently killed, and dissecting the posterior part, so as to lay baro 
the choroid. If the eye thus prepared be fixed in an aperture in a 
screen, and a candle be placed before it at a distance of eighteen 
or twenty inches, an inverted image of the candle will be seen 
through the retina, as if it were produced upon ground glass or 
oiled paper. 

16. It appears, then, that the immediate cause of vision, and 
the immediate object of perception, is the image thus pro- 
duced by means of the refracting powers of the humours of. 
the eye. 

17. In order, therefore, to perfect vision, the following conditions 
must be fuliilled : — 

V, The image must be perfectly distinct. 

2°, It must have sufficient magnitude^ 

3°. It must be sufficiently illuminated. 

4**. It must continue on the retina for a sufficient length of 
time. 

Let us examine the circumstances which affect these conditions. 

18. — V, Distinctness of the image. 

The image formed on the retina will be distinct or not, according 
as the pencils of rays proceeding from each point of the object 
placed before the eye, are brought to an exact focus on the retina 
or not. If they be not brought to an exact focus on the retina, 
their focus will be a point beyond the retina, or within it. In 
either case, the rays proceeding from any part of the object, 
instead of forming a corresponding point on the retina, will form 
a spot of greater or less magnitude, according to the distance of 
the focus of the pencil from the retina, and the assemblage of 
such luminous spots will form a confused picture of the object. 
This deviation of the foci of the pencils from the retina is caused 
by the refracting powers of the eye being either too feeble or too 
strong. If the refracting powers be too feeble, the rays are inter- 
cepted by the retina before they are brought to a focus ; if they . 
be too strong, they are brought to a focus before they arrive at 
the retina. 

19. The objects of vision may be distributed into two classes, 
in relation to the refracting powers of the eye: 1st, Those which 
are at go great a distance from the eye, that the pencils pro- 
ceeding from them may be regarded as consisting of parallel 
rays ; 2ndly, Those which are so near that their rays have sensible 
divergence. 
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It has been stated that the diameter of the pupil varies from 
^ to i an inch in magnitude, the variation depending upon a 
power of dilatation and contraction with which the iris is endued. 
Taking that diameter at its greatest magnitude of a quarter of an 
inch, pencils proceeding from an object placed at the distance of 
three feet would have an extreme divergence amounting to less 
than haK a degree ; and if the pupil be in its most contracted 
state when its diameter is only the one-eighth of an inch, then 
the divei^fenoe of the pencils proceeding from such an object would 
amount to about fifteen minutes of a degree. It may therefore 
be concluded, that pencils proceeding from all objects more distant 
from the eye than two or three feet, may be regarded as consisting 
of parallel rays. 

20. If the refracting power of the humours of the eye be so 
feeble that rays proceeding from such objects, and which enter the 
eye in parallel directions, are not rendered sufficiently convergent 
to come to a focus on the retina, or on the contrary, are so strong 
as to bring them to a focus before they arrive at the retina, the 
image produced upon the retina will be confused from the cause 
just explained. 

21. The remedy for such a defect in vision is supplied by the 
properties of convex and concave lenses. 

If the eye possess too little convergent power, a convergent or 
convex lens is placed before it, which, receiving the parallel 
pencils, renders them convergent when they enter the pupil, and 
this enables the eye to bring them to a focus on the retina, pro- 
vided the power of the lens be equal to the deficient convergence 
of the eye. 

If, on the other hand, the convergent power of the eye be too 
great, so that the parallel rays are brought to a focus before 
arriving at the retina, a divergent or concave lens is placed before 
the eye, by means of which parallel pencils are rendered divergent 
before they enter the pupil ; and the power of the lens is so adapted 
to the convergent power of the eye, that the rays shall be brought 
to a focus on the retina. 

The two opposite defects of vision here indicated are generally 
called, the one weak-sightedness or far-sightednessy and the other 
near-sightedness. 

If the objects of vision be placed so near the eye that the rays 
composing the pencils which proceed from them have sensible 
divergence, then the foci of these rays within the eye will be at a 
distance from the optical centre greater than the principal focus, 
which is the name given to the focus of parallel rays. If, there- 
fore, in this case, the principal focus fall upon the retina, the 
focus of rays proceeding from such near objects would fall 
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beyond it, and consequently the image on the retina would be 
indistinct. 

22. It follows, therefore, that eyes which see distant objects 
at the greater class of distances would see indistinctly all 
objects at less distances, unless there were in the eye some 
means of self-adjustment, by which its convergent power may 
be augmented. Such means of self-adjustment are provided, 
which operate within certain limits, by which we are enabled so 
to accommodate the eye to the divergence of the pencils proceed- 
ing from near objects, that the same eyes which are capable of 
seeing distinctly objects so distant as to render the rays of the 
pencils sensibly parallel, are also capable of seeing with equal 
distinctness objects at distances varying from ten to twelve inches 
and upwards. 

23. By what means the convergent power of the humours is 
thus varied is not certainly known, but that such means of self- 
adjustment exist may be proved by the following experiment : — 

Let a small black spot be made upon a thin transparent plate 
of glass, and let it be placed at a distance of about twelve inches 
from the eye. If the eye be directed to it, the spot will be seen 
as well as distant objects visible through the glass. Let the 
attention be earnestly directed to the black spot, so that a distinct 
perception of its form may be produced. The objects visible at a 
distance will then be found to become indistinct. 

But if the attention be directed more to the distant objects, so as 
to obtain a distinct perception of them, the perception of the black 
spot on the glass will then become indistinct. It is evident, 
therefore, that when the eye accommodates itself so as to form 
upon the retina a distinct image of an object at twelve inches 
distance, the image produced by objects at great distances will 
become indistinct ; and that, on the other hand, when the eye 
so accommodates itself as to render the image produced on the 
retina by distant objects distinct, the image produced by an 
object at two inches distance will become indistinct. 

24. It is evident, therefore, that the power of the eye to refract 
the pencils of light incident upon it, is to a certain extent under 
the control of the will ; but by what means this change in the 
refracting power of the organ is made is not so apparent. Various 
hypotheses have been advanced to explain it. According to some, 
the form of the eye-ball, by a muscular action, is changed in 
such a manner as to increase the length of the optic axis, and 
thus to remove the posterior surface of the retina to a greater 
distance from the crystalline, when it is necessary to obtain a 
distinct view of near objects ; and, on the contrary, to elongate 
the transverse diameter of the eye, and shorten the optic axis so 

51 • 



THE BYE. 

OS to bring the retina closer to the crystalline, when it is desired to 
obtain a distinct view of distant objects. 

According to others, this change of form is only effected in the 
cornea, which being rendered more or less convex by a muscular 
action gives a greater or less convergent power to the aqueous 
humour. 

According to others, the eye accommodates itself to different 
distances by the action of the crystalline, which is moved by the 
ciliary processes either towards or from the cornea, thus transfer- 
ring the focus of rays proceeding from it within a certain limit of 
distance to and from the retina ; or, by a similar action of the 
ciliary processes, the crystalline lens may be supposed to be 
rendered more or less convex, and thus to increase or diminish 
its convergent power. 

25. Whatever be the provisions made in the organisation of the 
^y6> by which it is enabled to adapt itself to the reception of 
divergent pencils proceeding from near objects, the power with 
which it is thus endued has a certain limit. Thus eyes, which 
see distinctly distant objects, and which therefore bring parallel 
rays to a focus on the retina in their ordinary state, are not 
capable of seeing distinctly objects brought nearer to them than 
ten or twelve inches. The power of accommodating the vision to 
different rays is therefore limited to a divergence not exceeding 
that which is determined by the diameter of the pupil compared 
with a distance of ten or twelve inches. Now, as the diameter of 
the pupil is most contracted when the organ is directed to such 
near objects, we may assume it at its smallest magnitude at one- 
eighth of an inch, and therefore the divergence of a pencil pro- 
ceeding from a distance of twelve inches would be ^th, and the 
angle of divergence would therefore be very nearly half a degree. 

It may, therefore, be assumed that eyes adapted to the vision of 
distant objects are in general incapable of seeing distinctly objects 
from which pencils have greater divergence than this, or which is the 
same, objects placed at less than ten or twelve inches from the eye. 

26. In the case of eyes whose convergent power is too feeble to 
bring pencils proceeding from distant objects to a focus on the 
retina, they will be in a still greater degree inadequate to bring 
pencib to a focus which diverge from near objects ; and con- 
sequently such eyes will require to be aided, for near as well as 
distant objects, by the interposition of convergent lenses. It 
would, however, be necessary to provide lenses of different 
convergent powers for distant and near objects, the latter requiring 
a greater convergent power than the former ; and in general the 
nearer the objects viewed, the greater the convergent power 
required from the lens. 
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27. In the case of eyes whose convergent power is so great as 
to bring pencils proceeding from distant objects to a focus short of 
the retina, and which therefore, for such distant objects, require 
the intervention of divergent lenses, distinct vision will be attained 
without the interposition of any lens, provided the object be placed 
at such a distance that the divergence of the pencils proceeding 
from it shall be such that the convergent power of the eye bring 
them to a focus on the retina. 

Hence it is that eyes of this sort are called short-sightedy 
because they can see distinctly such objects only as are placed at 
the distance which gives the pencils proceeding from them such a. 
divergence, that the convergent power of the eye would bring 
them to a focus on the retina. 

28. If it be desired to ascertain the focal length of the divergent 
lens which such an eye would require to see distant objects 
distinctly, it is only necessary to ascertain at what distance it is 
enabled to see distinctly the same class of objects without the aid 
of a lens. A lens having a focal length equal to this distance will 
enable the eye to see distant objects distinctly, because such a lens 
woold give the parallel rays a divergence equal to the divergence 
of pencils proceeding from a distance equal to its focal length. 

29. Persons are said to be more or less near-sighted, according 
to the distance at which they are enabled to see ol]jects with, 
perfect distinctness, and they accordingly require, to enable them 
to see distant objects distinctly, diverging lenses of greater or less 
focal length. 

As persons who are enabled to see distant objects distinctly 
have the power of accommodating the eye so as to see objects at 
ten or twelve inches' distance, so short-sighted persons have a 
similar power of accommodation, but within proportionally smaller 
limits. Thus a short-sighted person will be enabled to see 
distinctly objects placed at distances from the eye varying from 
four or live inches upwards, according to the degree of short- 
sightedness with which he is affected. 

30. The two opposite defects of vision which have been mentioned , 
arising from too great or too little convergent power in the eye, 
may arise, either from a defect in the quality of the humours or in 
the form of the eye. Thus near-sightedness may arise from too 
great convexity in the cornea or in the crystalline, or it may arise 
from too great a difference of density between the aqueous humour 
and the crystalline, or between the crystalline humour and the 
vitreouLS, or both of them ; or, in fine, it may arise from defects 
both of the form and of the relative densities of the humours. 

31. In a certain class of maladies incidental to the sight, the 
humours of the eye lose in a greater or less degree their trans- 



THE EYE. 

* 

imrency, and the crystalline humour is more especially liable to 
this. In such cases vision is sometimes recovered by means of the 
removal of the crystalline humour, in which case the organ is 
reduced to two humours, the aqueous and the vitreous ; but as the 
eye owes in a greater degree to the crystalline than to the other 
humours the convergent power, it is necessary in this case to 
supply the place of the crystalline by a very strong conTcrgent 
lens placed before the eye. 

32. — 2°. MAGNITUDE OF THE IMAGE ON THE RETINA. 

In order to obtain a perception of any >'isible object, it is not 
enough that the image on the retina be distinct, it must also have 
a certain magnitude. 

Let us suppose that a white circular disk, one foot diameter, 
is placed before the eye at a distance of 57^ feet. 

The axes of the pencils of rays proceeding from such disk to the 
eye will be included within a cone, whose base is the disk, and 
whose vertex is in the centre of the eye. 

These axes, after intersecting at the centre of the eye, will form 
another cone, whose base will be the image of the disk formed 
upon the retina. The common angle of the two cones will in this 
case be 1°. 

Let A B (fig. 3), be the diameter of the disk. Let c be tiie 
centre of the eye, and let 6 a be the diameter of the image on the 

Fig. 3. 




retina. It is clear, from the perfect similarity of the triangles 
A c B and a c 6, that the diameter of the image b a will have to 
the diameter of the object B a the same proportion as the distance 
a c of the retina from the centre c has to the distance A c of the 
object from the same centre. Therefore in this case, since one-half 
the diameter of the eye is but half an inch, and the distance A c is 
in this case supposed to be 57| feet, the magnitude of the diameter 
6 a of the image on the retina will be found by the following 
proportion : — 

a J : A B : : 1 : 57§ X 12 = 690, 

Therefore we have 

|XAB_ 6 _ 1 
"" (590'~ 
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The total magnitude, therefore, of the diameter of the image on 
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the retina would in this case be the y^th part of an inch ; yet 
such is the exquisite sensibility of the organ, that the object is in 
this case distinctly visible. 

If the disk were removed to twice the distance here supposed, 
the angle of the cone c would be reduced to half a degree, and the 
diameter of the image on the retina would be reduced to one -half 
its former magnitude, that is to say, to the j^igth part of an inch. 
If, on the other hand, the disk were moved towards the eye, and 
placed at half its original distance, then the angle c of the cone 
would be 2°, and the diameter of the picture on the retina would 
be double its first magnitude, that is to say, the ^Jsth of an inch. 

In general, it may therefore be inferred that the magnitude of 
the diameter of the picture on the retina is increased or diminished 
in exactly the same proportion as the angle of the cone c, formed 
at the centre of the eye, is increased or diminished. 

33. This angle is called the visual angle or apparent magnitude 
of the object ; and when it is said that a certain object subtends at 
the eye a certain angle, it is meant that lines di*awn from the 
extremities of such object to the centre of the eye form such angle. 

The apparent magnitude of an object must not be confounded 
with its apparent superficial magnitude, the term being invariably 
applied to its linear magnitude. The apparent superficial magnitude 
varies in proportion to the square of the apparent magnitude. 

Thus, for example, when the disk a b is removed to double its 
original distance from the eye, the apparent magnitude, or the 
angle c, is diminished one-half, and consequently the diameter 
a 6 of the picture on the retina is also diminished one-half; and 
since the diameter is diminished in the ratio of 2 to 1, the super- 
ficial magnitude of the image, or its area, will be diminished in 
the proportion of 4 to 1. 

34. It is clear from what has been stated also, that when the 
same object is moved from or towards the eye, its apparent 
magnitude varies inversely as its distance ; that is, its apparent 
magnitude is increased in the same proportion as its distance is 
diminished, and vice versd. 

It is easy to perceive that the objects which are seen under the 
same visual angle will have the same apparent magnitude. Thus 
let A' b' (fig. 3), be an object more distant than a b, and of such a 
magnitude that its highest point a' shall be in the continuation of 
the line c A, and its lowest point b' in the continuation of the line 
c B. The apparent magnitude of. a' b' will then be measured by 
the angle at c. This angle will therefore at the same time 
represent the apparent magnitude of the object A B and of the 
object a' b'. It is evident that an eye placed at c will see every 
point of the object a b upon the corresponding points of the object 
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A' b'; so that if the object a b were opaque, and of a form similar 
to the object A' b', every point of the one would be seen upon a 
corresponding point of the other. In like manner, if an objeet 
a" b" were placed nearer the eye than a b, so that its highest 
point may lie upon the line c a, and its lowest point upon the line 
c B, the object being similar in form to a n, would appear to be of 
the same magnitude. Now it is evident that the real magnitudes 
of the three objects a" b", a b, and a' b', are in proportion to their 
respective distances from the eye ; a' b' is just so much greater 
than A B, and a b than a" b", as c B' is greater than c B, and as 
c B is greater than c b". 

Thus it appears that if several objects be placed before the eye in 
the same direction at different distances, and that the real linear 
magnitudes of these objects are in the proportion of their distances, 
they will have the same apparent magnitude. 

35. A striking example of this principle is presented by the 
case of the sun and moon. These objects appear in the heavens 
equal in size, the full moon being equal in apparent magnitude to 
the sun. Now it is proved by astronomical observation that the 
real diameter of the sun is, in round numbers, four himdred times 
that of the moon ; but it is also proved that the distance of the 
sun from the earth is also, in round numbers, four hundred times 
greater than that of the moon. The distances, therefore, of these 
two objects being in the same proportion as their real diameters, 
their visual or apparent magnitudes are equal. 

36. It is evident from what has been explained, that objects 
which have equal apparent magnitudes, and are therefore seen 
'Under equal visual angles, will have pictures of equal magnitude 

on the retina, a fact which proves that the visual angle is the 
measure of the apparent magnitude. 

37. If the same object be moved successively to inereasing 
distances, its apparent magnitude will be diminished in the same 
proportion, exactly as its distance from the eye is increased. 
Thus, if L H (fig. 4), be such an object, its apparent magnitude at 




the distance s si will be measured by the angle l £ ir, at the 
distance e m' by the angle l' e m', and at the distance E m" by 
the angle l" e m" ; and when the actual magnitude l u bears a 
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small proportk* to the distance, it is shown by the principles of 
geometry thtft the angle L' E m' is less than the angle L D m in the 
same proportion as £ h' is greater than £ M, and that the angle 
X* « m" is less than L E M in the same proportion as E m" is 
greater than E M. 

38. Nothing can be more calculated to excite our wonder and 
admiration than the distinctness of our perception of visible 
objects, compared with the magnitude of the picture on the retina, 
from which immediately we receive such perception. 

39. If we look at the full Aoon on a clear night, we perceive 
with considerable distinctness by the naked eye the lineaments of 
light and shade which characterise its disk. Now let us consider 
only for a moment what are the dimensions of the picture of the 
moon formed on the retina, from which alone we derive this 
distinct perception. 

. The disk of the moon subtends a visual angle of half a degree, 
and consequently, according to what has been explained, the 
diameter of its picture on the retina will be ^l^th part of an inch, 
iand the entire tsuperficial magnitude of the image from which we 
dmve this distinct perception is only the ^^th part of a square 
indi ; yet WitMn this minute space, we are able to distinguish a 
multiplicity of still more minute details. Wo perceive, for 
elcample, forms of light and shade, whose linear dimensions do 
not exceed one-tenth part of t^e apparent diameter of the moon, 
and which therefore occupy upon the retina a space whose 
diameter does not exceed the gooooso^^ P^'^^ ^^ * square inch. 

40. To take another example, the figure of a man 70 inches 
high, seen at a distance of 40 feet, produces an image upon the 
retina the height of which is about one-fourteenth part of an inch. 
The face of such an image is included in a circle whose diameter 
is about one-twelfth of the height, and therefore occupies on the 
retina a circle whose diameter is about the jJ^th part of an inch ; 
nevertheless, within this circle, the eyes, nose, and lineaments are 
distinctly seen. The diameter of the eye is about one-twelfth of 
that of the face, and therefore, though distinctly seen, does not 
occupy upon the retina a space exceeding the 50^000^^ ^^ * 
square inch. 

If the retina be the canvas on which this exquisite miniature is 
delineated, how infinitely delicate must be its structure, to receive 
and transmit details so minute with such marvellous precision ; 
and if, according to the opinion of some, the perception of these 
details be obtained by the retina feeling the image formed upon 
the choroid, how exquisitely sensitive must be its touch ! 

41. — 3**. SUFFICIENCY OF ILLUMINATION. 

It is not enough for distinct vision that a well-defined picture of 
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the object shall bo formed on the retina. This picture must be 
sui&ciently illuminated to affect the sense, and at the same time 
not be so intensely illuminated as to overpower the organ. 

Thus it is possible to conceive a picture on the retina so 
extremely faint as to be insufficient to produce sensation, or, on 
the other hand, so intensely brilliant as to dazzle the eye, to 
destroy the distinctness of sense, and to produce pain. 

When wo direct the eye to the sun, near the meridian, in an 
unclouded sky, we have no distinct perception of his disk, because 
the splendour is so great as to overpower the sense of vision, just 
as sounds are sometimes so intense as to be deafening. 

That it is the intense splendour alone which prevents a distinct 
perception of the solar disk in this case is rendered manifest by 
the fact that if a portion of the solar rays be intercepted by a 
coloured glass, or by a thin cloud, a distinct image of the sun will 
be seen. 

When we direct the eye to the firmament on a clear night, 
there are innumerable stars which transmit light to the eye, and 
which therefore must produce some image on the retina, but of 
which we are altogether insensible, owing to the faintness of the 
illumination. That the light, however, does enter the eye and 
arrive at the retina is proved by the fact that if a telescope be 
directed to the stars in question, so as to collect a greater quantity 
of their light upon the retina, they will become visible. 
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Fig. 8. — THE THAUMATROPE. 
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CHAPTEE II. 

42. Power of acoommodation of the eye. — 43, 44. Apparent brightness of 
Inminons objects. — 45-47. Intensity of brightness. — 48-57. The 
image must continue a sufBicient time upon the retina to ena;ble that 
membrane to produce a perception of it — Various illustrations of this. 
— 58. Ck>nditions which determine jj apparent motion. — 59. How 
affected by distance. —60. Example. — 61. When imperceptible. — 
62. Motion of the firmament. — 63. Objects in rapid motion inyisible. 
— 64-66. Duration of the impression on the retina. — 67. Optical toys. 
— 68y 69. Coincidence of the optical and geometrical centres of the 
eye. — 70. Ocular spectra and accidental colours. — 71. Why visible 
objects do not appear inverted. — 72. The seat of vision. — 73-75. The 
optic nerve insensible to light. 

42. The eye possesses a certain limited power of accommodating 
itself to yarions degrees of illumination. Circnmstances which 
are familiar to every one render the exercise of this power 
evident. 

If a person, after remaining a certain time in a dark room, 
pass suddenly into another room strongly illuminated, the eye 
suffers instantly a degree of inconvenience, and even pain, which 
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causes tbe eyelids to close ; and it is not until after the lapse of 
a certain time that they can be opened without inoonvenienoe. 

The cause of this is easily explained. While the observer re- 
mains in the darkened or less illuminated room, the pupil is 
dilated so as to admit into the eye as great a quantity of light as 
the structure of the organ allows of. When he passes suddenly 
into the strongly illuminated room, the flood of light arriving 
through the widely dilated pupil acts with such violence oa 
the retina as to produce pain, which necessarily calls for the 
relief and protection of the organ. The iris, then, by an 
action peculiar to it, contracts the dimensions of the pupil so 
as to admit proportionally less light, and the eye is opened with 
impunity. 

Effects the reverse of these are observed when a person passes 
from a strongly illuminated room into one comparatively dark, or 
into the open air at night. For a certain time he sees nothing, 
because the contraction of the pupil, which was adapted to the 
strong light to which it had previously been exposed, admits so 
little light to the retina that no sensation is produced. The pupil, 
however, after a while dilates, and, admitting more light, objects 
are perceived which were before invisible. 

43. It is sometimes inferred, though erroneously, that the 
apparent splendour of the image of a visible object decreases as 
the square of the distance increases. This would be the case in 
the steictest sense, if, while the object were withdrawn from the 
eye to an increased distance, its image on the retina continued to 
have the same magnitude ; for, in this case, the absolute brightness 
of each point composing such image would diminish as the square 
of the distance increases, and the area of the retina over which 
such points are difi^ed would remain the same ; but it must be 
considered, that as the object retires from the eye the superficial 
magnitude of the image on the retina is diminished in the same 
proportion as the square of the distance of the object from the 
eye is increased. It therefore follows that while the points com- 
posing the image on the retina are diminished in the intensity of 
their illumination, they are collected into a smaller space, so that 
what each point of the image on the retina loses in splendour, the 
entire image gains by concentration. 

44. If the Sim were brought as close to the earth as the moon, 
its apparent diameter would be 400 times greater, and the area of 
its apparent disk 160000 times greater than at present, but the 
apparent brightness of its surface would not be in any degree 
increased. In the same manner, if the sun were removed to ten 
times its present distance, it would appear imder a visual angle 
ten times less than at present, as in fact it would to an observer 
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on the planet Saturn, and its visible area would be a bnndred 
times less than it is, but the splendour of its diminished area 
would be exactly the same as the present splendour of the sun's 
disk. 

The sun seen from the planet Saturn has an apparent diameter 
ten times less than it has when seen from the earOi. 

The appearance from Saturn will then be the same as would be 
the appearance of a portion of the disk of the sun seen from the 
earth tiirough a circular aperture in an opaque plate, which would 
exhibit a portion of the disk whose diameter is one-tenth of the 
whole. 

45. When the light which radiates from a luminous object has 
a certain intensity, it will continue to affect the retina in a 
sensible manner, even when the object is removed to such a dis- 
tance that the visual angle shall cease to have any perceivable 
magnitude. The fixed stars present innumerable examples of 
this effect. None of these objects, even the most brilliant of them, 
subtend any sensible angle to tiie eye. When viewed through 
the most perfect telescopes they appear merely as brilliant points. 
In this case, therefore, the eye is affected by the light alone, and 
not by the magnitude of the object seen. 

46. Nevertheless the distance of such an object may be increased 
to such an extent that the light, intense as it is, will cease to pro- 
duce a sensible effect upon the retina. 

There are seven classes of the fixed stars, diminishing gradually 
in brightness,* which produce an effect on the retina such as to 
render them visible to a naked eye. This diminution of splendour 
is produced by their increased distance. The telescope brings into 
view innumerable other stars, whose intrinsic splendour is as 
^eat as the brightest among those which we see, but which do not 
transmit to the retina, without the aid of the telescope, enough of 
light to produce any sensible effect. It is demonstrable, however, 
that, even without the telescope, they do transmit a certain 
definite quantity of light to the retina ; the quantity of light 
which they thus transmit, and which is insufficient to produce a 
sensible effect, having to the quantity obtained by the telescope 
a ratio depending upon the proportion of the magnitude of the 
object-glass of the telescope to the magnitude of the pupil. 

47. The quantity and intensity of tiie light transmitted by an 
external object to the retina, which is sufficient to produce a per- 
ception of such object, depends also upon the light received at the 

* The term magnitude is used in astronomy, as applied to the fixed 
43tars, to express their apparent brightness ; no fixed star, howerer splendid, 
subtends any sensible angle. 
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same time bj the retina from other objects present before the eye. 
The proof of this is, that the same objects which are yiidble at 
one time are not visible at another, though equally before the eye, 
and transmitting equal quantities of light of the same intensity 
to the retina. Thus, the stars are present in the heavens by day 
as well as by night, and transmit the same quantity of light to 
the retina, yet they are not visible in the presence of the sun, 
because the light proceeding from that luminary, directly and 
indirectly reflected and refracted by the air and innumerable other 
objects, is so much greater in quantity and intensity as to over- 
power the inferior and much less intense light of the stars. This 
case is altogether analogous to that of the ear, which when under 
the impression of loud and intense sounds, is incapable of per- 
ceiving sounds of less intensity, which nevertheless affect the 
organ in the same manner as they do when, in the absence of 
louder sounds, they are distinctly heard. 

Even when an object is perceived, the intensity of the percep- 
tion is relative, and determined by other perceptions produced at 
the same time. Thus, the moon seen at night is incomparably 
more splendid than the same moon seen by day or in the twilight, 
although in each case the moon transmits precisely the same 
quantity of light, of precisely the same intensity, to the eye ; but 
in the one case the eye is overpowered by the superior splendour 
of the light of day, which dims the comparatively less intense 
light proceeding from the moon. 

48. — 4°. THE IMAGE MUST CONTINUE A SUFFICIENT TIHE TrPOK 
THE BETINA TO ENABLE THAT MEMBKANE TO PEODTJCE A PEB- 
CEPTION OF IT. 

The velocity with which light is propagated through space is at 
the rate of about 200000 miles per second. Its transmission, 
therefore, from all objects at ordinary distances to the eye may be 
considered as instantaneous. The moment, therefore, any objeot 
is placed before the eye an image of it is formed on the retina, 
and this image continues there until the object is removed. Now 
it is easy to show experimentally that an object may be placed 
before the eye for a certain definite interval of time, and that a 
picture may be painted upon the retina during that interval 
without producing any perception or any consciousness of the pre- 
sence of the object. 

To illustrate this, let a circular disk A b c D, fig. 5, about twenty 
inches in diameter, be formed in card or tin, and let a circle 
A' B' c' D' be described upon it, about two inches less in radius 
than the disk, so as to leave between the circle and the disk a 
zone about two inches wide. Let the entire zone be blackened, 
except the space a m m' a', forming about the one-twentieth of it. 
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Let the disk thus prepared be attached to the back of a blackened 
screen, so as to be capable of reyolying behind it, and let a hole 
one inch in diameter be 
made in the screen at any 
point, behind which the 
zone A B c D is placed. If 
the disk be now made to 
revolve behind the screen, 
the hole will appear . as a 
circular white spot so long 
as the white space a m 
passes behind it, and will 
disappear, leaving the same 
black colour as the screen 
during the remainder of 
the revolution of the disk. 
The hole will therefore be 
seen as a white circular spot 
upon the black screen during one-twentieth of each revolution 
of the disk. If the disk be now put in motion at a slow rate, 
the white hole will be seen on the screen during one-twentieth of 
each revolution. If the velocity of rotation imparted to the disk 
be gradually increased, the wbite spot will ultimately disappear y 
and the screen appear of a imiform black colour, altJiough it be 
eertain that during the twentieth part of each revolution, what- 
ever be the rate of rotation, a picture of the white spot is formed 
on the retina. 

49. The length of time necessary in this case for the action of 
light upon the retina to produce sensation may be determined by 
ascertaining the most rapid motion of the disk which is capable 
of producing a distinct perception of the white spot. This 
interval will be found to vary with the degree of illumination. 
If the spot be strongly illuminated, a less interval will be sufB[- 
cient to produce a perception of it ; if it be more feebly illuminated, 
a longer interval will be required. The experiment may be made 
by varying the colour of the space A m of the zone, and it will be 
found that the interval necessary to produce sensation will vary 
with the colour as well as with the degree of illumination. 

50. Numerous observations on the most famiHar effects of 
vision, and various experiments expressly contrived for the pur- 
pose, show that the retina, when once impressed with the picture 
of an object placed before the eye, retains this impression, some- 
times with its fall intensity and sometimes more fSaintly, just as 
the ear retains for a time tiie sensation of a sound after tiie cause 
which has put the tympanum in vibration has ceased to act. The 
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duration of this impression on the retina, after the removal of the 
visible object which produced it, varies according to the degree of 
illumination and the colour of the object. The more intense the 
illumination, and the brighter the colour, the longer will be the 
interval during which the retina will retain their effects. 

51. To illustrate this experimentally, let a circular disk formed 
of blackened card or tin, of twelve or fourteen inches in diameter, 
be pierced with eight holes round its circumference, at equal dis- 
tances, each hole being about half on inch in diameter, as represented 
in fig. 6. 

Let this disk be attached upon a pivot or pin at its centre o to a 
board a. b c d, which is blackened everywhere, except upon a 
circular spot at v, corresponding in magnitude to the holes made 
in the circular plate. 

Let this spot be first supposed to bo white. Let the circular 
disk be made to revolve upon the point o, so as to bring the 
circular holes successively before the white spot at v. The retina 
will thus be impressed at intervals with the image of this circular 
white spot. In the intervals between the transits of the holes 
over it, the entire board will appear black, and the retina will 
receive no impression. If the disk be made to revolve with a 
very slow motion, the eye will see the white spot at intervals, 

but if the velocity of rotation be 
^'^' ^' gradually increased, it will be found 

that the eye will perceive the white 
spot permanently represented at v, as 
if the disk had been placed with one 
of its holes opposite to it without 
moving. It is evident, therefore, that 
in this case the impression produced 
upon the retina, when any hole is 
opposite the white spot, remains until 
the succeeding hole comes opposite to 
it, and thus a continued perception of 
the white spot is produced. 
If the white spot be illuminated in various degrees, or if it be 
differently coloured, the velocity of the disk necessary to produce 
a continuous perception of it will differ. The brighter the colour 
and the stronger the illumination, the less will be the velocity of 
rotation of the disk which is necessary to produce a continuous 
perception of the spot. 

These effects show that the stronger the illumination and the 
brighter the colour, the longer is the interval during which the 
impression is retained by the retina. 
52. This continuance of the impression of external objects on the 
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retma, after the light from the object ceases to act, is also mani- 
fested by the fact, that the continual winking of the eyes for the 
purpose of lubricating the eye-ball by the eye-lid does not 
intercept our vision. If we look at any external objects, they 
never cease for a moment to be visible to us, notwithstanding 
the frequent intermissions which take place in the action of light 
upon the retina in consequence of its being thus intercepted by 
the eye-lid. 

53. If a lighted stick be turned round in a circle in a dark 
room, the appearance to the eye will be a continuous circle of 
light ; for in this case the impression produced upon the retina by 
the light, when the stick is at any point of the circle, is retained 
until the stick returns to that point. 

54. In the same manner, a flash of lightning appears to the 
eye as a continuous line of light, because the light emitted at any 
point of the line remains upon the retina until the cause of the 
light passes over the succeeding points. In the same manner, 
any objects moving before ^the eye with such a velocity that the 
retina shall retain the impression produced at one point in the line 
of its motion imtil it passes through the other points, wiU appear 
as a continuous line of light or colour. 

55. But to produce this effect, it is not enough that the body 
change its position so rapidly that the impression produced at one 
point of its path continues until its arrival at another point ; it is 
necessary, also, that its motion should not be so rapid as to make 
it pass from any of the positions which it successively assumes 
before it has time to impress the eye with a perception of it ; for 
it must be remembered, as has been already explained, that the 
perception of a visible object presented to the eye, though rapid, 
is not instantaneous. 

The object must remain present before the organ of vision a 
certain definite time, and its position must continue upon the 
retina during such time, before any perception of it is obtained. 
Now, if the body move from its position before the lapse of this 
time, it necessarily follows that no perception of its presence, 
therefore, will be obtained. If, then, we suppose a body moving 
80 rapidly before the eye that it remains in no position long 
enough to produce a perception of it, such object will not be seen. 

56. Hence it is that the ball discharged from a cannon passing 
transversely to the line of vision is not seen ; but if the eye be 
placed in the direction in which the ball moves, so that its angular 
motion roimd the eye as a centre will be slow notwithstanding its 
great velocity, it will be visible, because, however rapid its real 
motion through space, its angular motion with respect to the eye 
(and consequently of the image of its picture on the retina) wiU 
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be sufficiently slow to give the necessary time for the prodnotioii 
of a perception of it. 

57. The time thus necessary to obtain the perception of a 
visible object varies with the degree of illumination, the ooloar, 
and the apparent magnitude of the object. The more intense the 
illumination the more vivid the colour, and the greater the appar- 
ent magnitude the less will b j the time necessary to produce a 
perception of the object. 

58. In applying this principle to the phenomena of vision, it 
must bo carefidly remembered that the question is affected, not by 
the real but by the apparent motion of the object, that is to sayi 
not by the velocity with which the object really moves throu^ 
space, but by the angle which the line drawn from the eye to 
the object describes per second. Kow this angle is affected by two 
conditions, which it is important to attend to : 1°. the direction of 
the motion of the object compared with the line of vision; and 
2°. by the velocity of the moUon compared with the distance of 
the object. If the object were to move exactly in the direction of 
the line of vision, it would appear to the eye to be absolutdy 
stationary, since the line drawn to it would have no angular 
motion ; and if it were to move in a direction forming an oblique 
angle to the line of vision, its apparent motion might be indefinitely 
slow, however great its real velocity might be. 

For example, let it be supposed that the eye being at E, fig. 7, 
an object o moves in the direction of o o', so as to move from o to 

Fig. r. 




0' in one second. Taking e as a centre, and £ o as a radius, let a 
circular arc o o" be described. The apparent motion of the object 
will then be same as if, instead of moving from o to o' in one 
second, it moved from o to o" in one second. 

The more nearly, therefore, at right angles to the line of vision 
the direction of the motion is, the greater will be the apparent 
motion produced by any real motion of an object. 

59. A motion which is visible at one distance may be invisible 
at another, inasmuch as the angular velocity wHl be increased as 
the distance is diminished. 

Thus if an object at a distance of 57| feet from the eye move 
at the rate of a foot per second, it will appear to move at the rate 
of one degree per second, inasmuch as a Hue one foot long at 57^ 
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feet distance subtends an angle of one degree. Now if the eye be 
removed from such an object to a distance of 115 feet, the apparent 
motion will be half a degree, or thirty minutes per second ; and if 
it be removed to thirty times that distance, the apparent motion 
will be thirty times slower. Or if, on the other hand, the eye 
be brought nearer to the object, the apparent motion will be acceler- 
ated in exactly the same proportion as the distance of the eye is 
diminished. 

60, A cannon-ball moving at 1000 miles an hour transversely 
to the line of vision, and at a distance of 50 yards from the eye, 
will be invisible, since it will not remain a sufficient time in any 
one position to produce perception. The moon, however, moving 
with more than double the velocity of the cannon-baU, being at 
a distance of 240000 miles, has an apparent motion, so slow as 
to be imperceptible. 

61. The angular motion of the line of vision may be so dimin- 
ished as to become imperceptible ; and the body thus moved will 
in this case appear stationary. It is found by experience that 
unless a body move in such a manner that the line of vision 
shall describe at least one degree in each minute of time, its 
motion will not be perceptible. 

62. Thus it is that we are not conscious of the diurnal motion 
of the firmament. If we look at the moon and stars on a dear 
night, they appear to the eye to be quiescent ; but if we observe 
them after the lapse of some hours, we find that their positions are 
changed, those which were near the horizon being nearer the 
meridian, and those which were in the meridian having descended 
towards the horizon. Since we are conscious that this change did 
not take place suddenly, we infer that the entire firmament must 
have been in continual motion round us, but that this motion is 
so slow as to be imperceptible. 

Since the heavens appear to make a complete revolution in 
twenty-four hours, each object on the firmament must move at 
the rate of 15° an hour, or at the rate of one quarter of a degree 
a minute. But since no motion is perceptible to the eye which has 
a less apparent velocity than V per minute, this motion of the 
firmament is imperceived. If, however, the earth revolved on its 
axis in six hours instead of twenty-four hours, then the sun, 
moon, stars, and other celestial objects, would have a motion at 
the rate of 60'' an hour, or 1° per minute. The sim would appear 
to move over a space equal to twice its own diameter each minute, 
and this motion would be distinctly perceived. 

The fact that the motion of the hands of a dock is not perceived 
is explaiaed in the same manner. 

63, If an object which moves very rapidly be not sufficiently 
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illuminatod, or be not of a sufficiently bright oolour to impress the 
retina sensibly, it will then, instead of appearing as a oontdnuons 
line of colour, cease to be ^'isible altogether; for it does not 
remain in any one position long enough to produce a seiudhlft 
effect upon the retina. It is for this reason that a ball projected 
from a cannon or a musket, though passing before the eye, cannot 
be seen. If two railway trains pass each other with a certain 
velocity, a person looking out of the window of one of them will 
be unable to see the other. If the velocity be very moderate, and 
the light of the day sufficiently strong, the appearance of the 
passing train will be that of a flash of colour formed by the 
mixture of the prevailing colours of the vehicles composing it. 

An expedient has been contrived, depending on this principle, 
to show experimentally that the mixture of the seven prismatic 
colours, in their proper proportions, produces white light. The 
colours are laid upon a circular disk surrounding its edge, which 
they divide into parts proportional to the spaces they occupy in 
the spectrum. Wh'en the disk is made to revolve, each colour 
produces, like the lighted stick, the impression of a continuous 
ring, and consequently the eye is sensible of seven rings of the 
several colours superposed one upon the other, which thus produce 
the effect of their combination, and appear as white or a whitish 
grey colour. 

64. The duration of the impression upon the retina, after the 
object producing it is removed, varies according to the vividness 
of the light proceeding from the object, being longer according as 
the light is more intense. It was found that the light proceeding 
from a piece of coal in combustion moved in a circle at a distance 
of 165 feet, produced the impression of a continuous circle of 
light when it revolved at the rate of seven times per second. The 
inference from this would be that in that particular case the 
impression upon the retina was continued during the seventh part 
of a second after the removal of the object. 

It is from the cause here indicated that forked lightning pre- 
sents the appearance of a continuous line of light. 

65. The duration of the impression on the retina varies also 
with the colour of the light, that produced by a white object 
being most visible, and yellow and red being most in degree of 
durability ; the least durable being those tints which belong to 
the most refrangible lights. 

66. The duration of the impression also depends on the state of 
illumination of the surrounding space ; thus the impression pro- 
duced by a luminous object when in a dark room is more durable 
than that which would be produced by the same object seen in an 
illuminated room. This may be ascribed to the greater sensitiveness 
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of the retina wlien in a state of repose than when its entire surface 
is excited by surrounding lights. Thus it is found that while the 
varying duration of the impression of the illuminated object in a 
dark room was one-third of a second, its duration in a lighted 
room was only one-sixth of a second. 

67. Innumerable optical toys and pyrotechnic apparatus owe 
their effect to this continuance of the impression upon the retina 
when the object has changed its position. 

Amusing toys, called thaumatropes, phenakisticopes, phantas- 
kopes, &c., are explained upon this principle. A moving object^ 
wMch assumes a succession of different positions in performing any 
action, is represented in the successive divisions of the circumfer- 
ence of a circle, as in &g, 8, in the successive positions it assumes. 
These pictures, by causing the disk to revolve, are brought in 
rapid succession before an aperture, through which the eye is^ 
directed, so that the pictures representing the successive attitudes 
are brought one after another before the eye at intervals ; the 
impression of one remaining until the impression of the next is 
produced. In this manner the eye never ceases to see the figure, 
but sees it in such a succession of attitudes as it would assume if 
it revolved. The effect is, that the figure actually appears to 
pirouette before the eye. The effects of catherine-wheels and 
rockets are explained in the same manner. 

68. The direction in which any part of an object is seen is that 
of the line drawn from such point through the optical centre of 
the eye. This line being carried back to the retbia determines 
the place on the retina where the image of such point is found. 
If the optical centre of the eye were not at the centre of the eye- 
ball, the direction of this line would be changed with every move- 
ment of the eye-baU in its socket ; every such movement would 
cause the optical centre to revolve round the centre of the eye- 
baU, and consequently would cause the line drawn from the 
optical centre to the object to change its direction. The effect of 
this would be that every movement of the eye-ball would cause^ 
an apparent movement of all visible objects. I^ow, since there is 
no apparent motion of this kind, and since the apparent position 
of external objects remains the same, however the eye may be moved 
in its socket, it folloyrs that its optical centre must be at the centre 
of the eye-ball. 

69. Since lines drawn from the various points of a visible 
object through the centre of the eye remain unchanged, however 
the eye-ball may move in its socket, and since the corresponding 
point^ of the image placed upon these lines must also remain 
unchanged, it follows that the position of the image formed on 
the eye remains fixed, even though the eye-ball revolve in the* 
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socket. It appears, therefore, that when the eye-ball .is moyecl ia 
the socket, the picture of an external object remains fixedy while 
the retina moves under it, just as the picture thrown by a magic 
lantern on a screen would remain fixed, howeyer the soreen itself 
might be moved. 

Thus, if wo direct the axis of the eye to the centre o, fig. 9, of 
any object, such as A b, the image of the point o will be formed 
at on the retina, where the optical axis D c meets it. The axil 
of the pencil of rays which proceed from the point o will pass 
through the centre of the cornea D, through the axis of the oiys- 
talline, and through the centre c of the eye-ball, and the image 
of will be formed at o. 

Now, if we suppose the eye to bo turned a little to the left, so 
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that the optical axis will be inclined to the line o c at the angle 
ly c 0, the image of the point o will still hold the same absolute 
position as before ; but the point of the retina on which it was 
previously formed will be removed to (/, The direction of the 
point will be the same as before ; but the point of the retina on 
which its image will be formed will be, not at o, at the extremity 
of the optic axis, but at o% at a distance o & from it, which sub- 
tends at the centre c of the eye an angle equal to that through 
which the optical axis has been turned. 

It is evident, therefore, that although the eye in this case be 
moved round its centre, the point o is still seen in the same direc- 
tion as before. 

But if the optical centre of the eye were different from the 
centre of the eye-ball, the direction in which the point o would 
be seen would be changed by a change of position of the eye. 

To render this more clear, let c, fig. 10, be the centre of the 

Fig. 10. 




eye-baU, and (/ the optical centre of the eye. Let the optical 
axis c D, as before, be first presented to the point o of the object. 
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The image of this point will, as before, be formed at o, the point 
where the optical axis s c meets the retina. Let us now suppose 
the axis of the eye to be turned aside through the angle d c d', 
the optical centre will then be removed from cf to c", and the 
image of o will now be formed at the point o", where the line o c^ 
meets the retina. The direction, therefore, in which o will now 
be seen, will be that of the line c^ o, whereas the direction in 
which it was before seen was that of the line c o. The point of 
the retina at which the image o was originally formed is removed 
to o', while the image is removed to o". Thus there is a displace- 
ment not only of the retina behind the image, but also an absolute 
displacement of the image, and an absolute change in the apparent 
direction of the object. Since no such change in the apparent 
direction is consequent upon the movement of the eye in its socket, 
it follows that the optical centre cf of the eye must coincide with 
its geometrical centre c. 

70. The continuance of the effect produced by the image of a 
visible object on the retina after such object has been removed 
from before the eye, combined with the effect of the image of 
another object placed before the eye during such continuance of 
the effect of that which was removed, produces a class of phe- 
nomena called ocular spectra and accidental colours. 

The effect produced by a strongly illuminated image formed on 
the retina does not appear to be merely the continuance of the 
same perception after the image is removed, but also a certain 
diminution or deadening of the sensibility of the membrane to 
other impressions. If the organ were merely affected by the con- 
tinuance of the perception of the object for a certain time after its 
removal, the effect of the immediate perception of another object 
on the retina would be the perception of the mixture of two 
colours. Thus, if the eye, after contemplating a bright yellow 
object, were suddenly ^ected to a similar object of a light red 
colour, the effect ought to be the perception of an orange colour ; 
and this perception would continue until the effect of the yellow 
object on the retina would cease, after which the red object would 
alone be perceived. 

Thus, for example, a disk of white paper being placed upon a 
black ground, ana over it a red wafer which will exactly cover it 
being laid, if, closing one eye, and gazing intently with the other 
for a few seconds ^n the red wafer, the red wafer be suddenly 
removed so as to expose the white surface under it to the eye, 
the effect ought to be the combination of the perception of 
red which continues after the removal of the red wafer, with the 
perception of white which the uncovered surface produces; 
and we should consequently expect to see a diluted red disk, 
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similar to tliat whicli would bo prodaccd by the mixture ef zed 
\nih white. 

This, however, is not the case. If the experiment be perforaned 
as here described, the eye will, on the removal of the red m&tf 
perceive, not a reddish, but a greenish-blue disk. 

In like manner, if the wafer, instead of being red, were of a 
bright greenish-blue, when removed the impressioiL on the eye 
would be that of a reddish disk. 

These and like phenomena are explained as follows : — 

When the eye is directed with an intensity of g^e for lome 
time at the red surface, that part of the retma upon whioh tlie 
image of the red wafer is produced becomes fatigued with ^ 
action of the red light, and loses to some extent its sensibility to 
that light, exactly as the ear is deafened for a moment by an 
overpowering sound. TVTien the red wafer is removed, the white 
disk beneath it transmits to the eye the white light, which is 
composed of all the colours of the spectrum. But the eye, from 
the previous action of the red light, is comparatively insensilde 
to those tints which form the red end of the spectrum, sach as red 
and orange, but comparatively sensible to the blues and greens, 
which occupy the other end. It is therefore that the eye 
perceives the white disk as if it were a greenish-blue, and oon- 
tinues to perceive it until the retina recovers its sensibility for 
red light. 

71. A difficulty has been presented in the explanation of the 
functions of the eye to which, as it appears to me, undue weight 
has been given. It has been already explained, that the images 
of external objects which are depicted on the retina are inverted; 
and it has accordingly been asked why visible objects do not 
appear upside down. The answer to this appears to be extremely 
simple. Inversion is a relative term, which it is impossible to 
explain or even to conceive without reference to something whieh 
is not inverted. If we say that any object is inverted, the phrase 
ceases to have meaning imless some other object or objeotsaie 
implied which are erect. If' all objects whatever hold the same 
relative position, none can be properly said to be inverted ; as the 
world turns upon its axis once in twenty-four hours, it is oertain 
that the position which all objects hold at any moment is inverted 
with respect to that which they held twelve hours before, and to 
that which they will hold twelve hours later ; but the objects as 
they are contemplated are always erect. In fine, since all the 
images produced upon the retina hold with relation to each other 
the same position, none are inverted with respect to others ; and 
as such images alone can be the objects of vision, no one objeot of 
vision can be inverted with respect to any other objeot of vision ; 
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^nd consequently, all being seen in the same position, that position 
is called the erect position. 

72. Physiologists are not agreed as to the manner in which the 
perception of a visible object is obtained from the image formed in 
the interior of the eye. It is certain, howeyer, that this image is 
the canse of vision, or that the means whereby it is produced are 
■also instrumental in producing the perception of sight. It may 
also be considered as established that the perception of a visible 
object is more or less distinct, according to the greater or less dis- 
tinctness of the image. But it would be a great error to assume 
that this image on the retina is itself seen, for that would involve 
the supposition of a second eye, beyond the jfirst, or within it, by 
which such image on the retina would be viewed. Now, no means 
of communicating between the image on the retina and the sen- 
sorium exist except the usual conduits of all sensation, the nerves. 

It has been already explained that the optic nerve, after 
entering the eye at a point near the nose, spreads itself over the 
interior of the globe of the eye behind the vitreous humour, and 
that this retina or network is perfectly transparent, the coloured 
image being formed not properly upon it, but upon the black sur- 
face of the choroid coat behind it. Now, it has been maintained, 
that the functions of vision are performed by this nervous mem- 
brane in a manner analogous to that by which the sense of touch 
is aifected by external objects. The membrane of the retina, it is 
supposed, touching the coloured image, and being in the highest 
degree sensitive to it, just as the hand is sensitive to an object 
which it touches, receives from the coloured image an action 
which, being continued to the brain, produces perception there in 
accordance with the form and colour of the image upon the choroid. 
According to this view of the functions of vision, the retina /cefe, 
as it were, the image on the choroid, and transmits to the sen- 
sorium the impression of its colour and figure in the same manner 
as the hand of a blind person would transmit to the sensorium the 
form of an object which it touches. 

73. If this hypothesis be admitted, it would follow that the 
retina itself would be incapable of exciting the sense of sight by 
the mere action of light and colours upon it. This is verified by 
the fjEU^t that when t^e image produced within the eye is formed 
upon a point of the optic nerve which has not the choroid behind 
it, no perception is produced. 

In order to prove this, let "fliree wafers be applied in a hori- 
zontal line upon a vertical screen, each separated from the other 
by a distance of two feet. Let the screen be placed before the 
observer at a distance of about 15 feet, the wafers being on a level 

with the eye ; and let the centre ws^er be so placed that a line 
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drawn from the right eye to it shall be perpendioular to the screen. 
Let the left eye be now closed, and let the right eye be directed to 
the extreme wafer on the left, bnt so that all three wafers may still 
be perceived. Let another person now slowly moye the screen, so 
as to bring it nearer to the observer, maintaining^ however, tiie 
middle wafer in the direction of the eye at c. It will be foond 
that the screen being so moyed to a distance of 10 fdOt fnm 
the eye, the middle wafer will appear to be suddenly eztiiigiiiihed, 
and the extreme wafers on the right and left will be seen. 

74. This remarkable phenomenon is explained by ahowing ftit 
in this particular position of the eye and the screen the iinffge of 
the middle wafer falls upon the base of the optic nerve idun tit 
choroid coat is not under it. 

This will be rendered more intelligible by reference to fig. 11, 
where b is the middle wafer, a the left-hand, and c the right- 
hand wafer. The image of 
A is formed at a, to the 
right of the optic nerve; 
and the image of c is 
formed at c, to the left of 
that nerve. In both these 
positions the choroid coat 
is behind the retina. But 
the image of b is formed at 
h, directly upon the point 
where the optic nerve 
issues from the eye-ball, 
and where the choroid does 
not extend behind it. 

75. Sir David Brewster 
gives the following expe- 
riment as a further argu- 
ment in support of this 
hypothesis. In the eye 
of the S^ia hligo, or 
cuttle-fish, an opaque membranous pigment is interposed between 
the retina and the vitreous himiour, so that if the retina 
were essential to vision, the impression of the image on this 
black membrane must be conveyed to it by the vibration of 
this membrane in front ol it. Sir David Brewster also mentions 
that in young persons the choroid coat, instead of being covered 
with a black pigment, reflects a brilliant crimson, like that of dogs 
and some other animals ; and imagines that if the retina were 
affected by the rays which pass through it, this crimson Hght 
ought to excite a corresponding sensation, which is not the case. 
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question, is why the same question has not been similarly pro- 
posed with reference to the sense of hearing. Why has it not 
been asked why we do not hear double? why each individual 
sound produced by a bell or a string is not heard as two distinct 
sounds, since it must impress independently and separately the 
two organs of hearing ? 

It cannot be denied, that, whatever reason there be for demand- 
ing a solution of the question, why we do not see doable ? is 
equally applicable to the solution of the analogous question, why 
we do not hear double P Like many disputed questions, this will 
be stripped of much of its difficidty and obscurity by a strict 
attention to the meaning of the terms used in the question, and in 
the discussion consequent upon it. If by seeing doable it be 
meant that the two eyes receive separate and independent impres- 
sions from each external object, then it is true that we see double. 
But if it be meant that the mind receives two distinct and inde- 
pendent impressions of the same external object, then a qualified 
answer only can be given. 

If the two eyes convey to the mind precisely the same impres- 
sion of the same extemd object, differing in no respect whatever, 
then they will produce in the mind precisely the same perception 
of the object ; and as it is impossible to imagine two perceptions 
to exist in the mind of the same external object which are 
precisely the same in all respects, it would involve a contradic- 
tion in terms to suppose that, in such case, we perceive the object 
double. 

If to perceive the object double mean anything, it means that 
the mind has two perceptions of the same object, distinct and dif- 
ferent from each other in some respect. Now, if this distinctness 
or difference exist in the mind, a corresponding distinctness and 
difference must exist in the impression produced of the external 
object on the organs. It will presently appear, that cases do occnr 
in which the organs are, in fact, differently impressed by the same 
external object ; and it will also appear, that in such cases pre- 
cisely we do see double^ meaning by these terms, that we have two 
perceptions of the same object, as distinct from each other as are 
our perceptions of two different objects. 

To render this point more clear, let us consider in what respects 
it is possible for the impressions made upon the two eyes by the 
same object to differ from each other, 

A visible object impresses the eye with a sense of a certain 
apparent form, of a certain apparent magnitude, of certain colours, 
of a certain intensity of illimiination, and of a certain visible 
direction. Now, if the impression produced by the same object 
upon the two eyes agree in all these respects, it is impossible to 
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imagine that the mind can receive two distinct perceptions of the 
object, for it is not possible that the two perceptions could differ 
from each other in any respect, except in some of those just men- 
tioned. Let us suppose the two eyes to look at the moon, and that 
such object impresses them with an image of precisely the same 
apparent form and magnitude, of precisely the same colours 
and lineaments, of precisely the same intensity of illumination, 
and in precisely the same direction. Now, the impressions 
conveyed to the mind by each of the eyes corresponding in all 
these respects, the object must, be perceived in virtue of both 
impressions precisely in the same manner, that is to say, it must 
be seen in precisely the same direction, of precisely the same 
magnitude, of precisely the same form, with precisely the 
same lineaments of light and shade, and with precisely the 
same brightness or intensity of illumination. It is therefore, 
in such a case, dearly impossible to have a double perception of 
the object. 

It will be observed, that the same reasoning exactly will be 
applicable to the sense of hearing. If the same string or the 
same pipe affect the tympanum of each ear in precisely the same 
manner, so as to produce a perception of a sound of the same pitch, 
the same loudness, and the same quality, it is impossible to con- 
ceive that two different perceptions can be produced by the two 
ears, for there is no respect in which it is possible for two such 
perceptions to differ, inasmuch as by the very supposition they 
agree in all the qualities which belong to sound. 

But, if we could conceive by any organic derangement that the 
same musical string would produce in one ear the note ut^ and 
produce in the other ear the note sol, then the same effect would 
be produced as if these two sounds had been simultaneously heard 
by the two ears properly organised, and we should have a sense of 
harmony of the j^A. 

In like manner, if the two eyes, by any defect of organisa- 
tion, produced different pictures on the retina, we should then 
have two perceptions of the same object having a corresponding 
difference. 

It has been already shown, that the apparent visual magnitude 
of an object, and also that its apparent brilliancy, depend on its 
distance from the eye. 

Now, assuming, as we shall do, unless the contrary be expressed, 
that the two eyes are similarly constituted, it will follow, that an 
object whose distance from the two eyes is equal will be seen 
under the same visual angle, and will therefore have the same 
apparent magnitude ; it will also have the same colour and 
intensity of illumination, and, in fine, if the distance between the 
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eyes bear an inBignificant proportion to the distance of the objeot 
from them, the lines drawn from the centre of the eyes to any 
point on the objeot will be praetioally parallel ; and sinee tiiese 
lines, as has been already explained, determine the direction in 
which the object is seen, suchwobject will then be seen in the same 
direction. Now, since the apparent form, the apparent magnitnde^ 
the apparent colour, the apparent intensity of illuminatioii, 
and the apparent direction are the same for both eyes, it is 
clear that the same impression must be produced upon the senses, 
and the same perceptions conveyed to the mind ; conseqiiently it 
follows, demonstratively, that all objects which are placed at a 
distance compared with which the distance between the eyes is 
insignificant, will convey a single perception to the mind, and 
will consequently not bo seen double. 

77. But we have now to consider a different case, which will 
present peculiar conditions, and consequences of peculiar interest 

Let us suppose an object placed so near the eyes that its dis- 
tance shall not bear a considerable proportion to the length of the 
line which separates the centres of the eyes. In this ease, the 
images produced on the retina of the two eyes may differ in 
magnitude, and intensity of illumination, and even in form, and, 
in fine, it is clear that the apparent direction of any point on the 
object as seen by the two eyes will be sensibly different. 

In this case, therefore, iiie two eyes convey to the mind a dif- 
ferent impression of the same object ; and we may therefore expect 
that we should see it double, and in fact we do so. 

But the observation of this particular phenomenon requires 
much attention, inasmuch as the perception of which we are con- 
scious is affected not merely by the impression made upon the 
organ of sense, but by the degree of attention which the mind 
gives to it. Thus, if the two eyes be differently impressed either 
by the same or by different objects placed before them, the mind 
may give its attention so exclusively to either impression, as to lose 
all consciousness of the other. 

Thus, if two stars be at the same time in the field of view of a 
telescope, as frequently happens, and be viewed together by the 
eye, we shall be conscious of a perception of both, so long as the 
attention is not exclusively directed to either; Cut if we gaze 
intently on one of them so as to observe its colour, or any other 
peculiarity attending it, we shall cease to be conscious of the 
presence of the other. The application of this observation to the 
question before us will be presently apparent. 

Let s L, fig. 12, be the line separating the centres of the two 
eyes, k representing the centre of the right, and l that of the left 
eye. 
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Let be an object, sucli as the flame of a candle or lamp, seen 
at the distance of about 40 feet, so that the lines of direction l o 
and B converging npon it from the centres of the eyes 
may be regarded as practically parallel, the distance 
being about 200 times greater than the distance l £ ^ 
between the eyes. The object o will therefore be seen in 
the same direction by both eyes, and being at a distance 
from the two eyes practically equal, will have the same 
apparent magnitude, form, colour, and intensity of illu- 
mination, and, consequenUy, will be seen single. 

Let a small white rod be held at the distance A, of 
about 8 inches from the left eye l, and in the line L o, 
so as to intercept the view of the object o from the left 
eye. The left eye will then see the rod at A, and not 
the object o ; but the right eye will still see the object o, 
as before. Now, if the attention be earnestly directed 
to the object o, the object A will not be perceived ; but 
if the attention be directed to the object a, it will be 
perceived distinctly, but the object o will be seen 
through it as if it were transparent. 

Now, since the object o cannot be seen by the left eye ** ^* 
under the circumstances here supposed, the perception we have of it 
must be derived from the right eye ; nevertheless it is seen in the 
line LAO, immediately beyond ^e intercepting wand, and in the 
same direction, and in the same manner precisely as it would be 
seen by the left eye L if the intercepting wand were removed. It 
follows, therefore, that the perception we obtain of the object o by 
the right eye is precisely the same as that which we should obtain 
by the left; eye if the right were closed, and the intercepting wand 
A removed. This may therefore be taken as an experimental 
proof of what, indeed, may seem sufficiently evident, d priori^ 
that an object, such as o, placed at a distance so great that Imes 
drawn to it from the centre of the eyes would be practically 
parallel, produces precisely the same perception through the vision 
of both eyes. 

But when the distance of an object from the eye is so smaU that 
the line which separates the eyes bears a considerable proportion 
to it, the directions in which such an object is seen by the two 
eyes are different, and it is easy to show that in this case such 
an object would be seen double. 

Let L, and E (fig. 13), as before, be the centres of the two eyes, 
and let a B be a white screen placed vertically at a distance of 12 
or 14 feet, having upon it a horizontal line on a level with the 
eye, upon which is marked a divided scale 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10. Let a black wand be held vertically at o, opposite the middle 

85 



THE EYE. 

of the line l e. This wand will be seen by the left eye in the direction 
of the division 8, and by the right eye in the direction of the division 

4, on the screen, and two images 
vig 13. the wand will accordingly be 

'^ ■ i L 1 !- j- i ■ " perceived; but, according as the 



', ; attention is directed to the one or 

• / to the other, a consciousness of 
\ j them will be produced. Thus, 

• / by an act of the will we may con- 

\ I template only the objects as seen 

\ i . with the left eye, in which case 

\ / the wand will be seen projected 

\l on the screen perpendicular to 

y Q the line A b, at the 8th division ; 

|l and by a like act of the will, the 

l\ attention being directed to the 

/ \ impression produced by the right 

• I eye, the wand will be seen pro- 

f 5 jected on the screen at the 4th 

£ — j^ division of the scale. If the at- 

tention be withdrawn from either 
of these and the wand be viewed indifferently, we shall be conscious 
of the two images, but not with the same distinctness as that with 
which we should perceive two wands placed at the 4th and 8th 
divisions of the scale. It will follow from this, that when we look 
with both eyes at any object, such as the printed page of a book, 
at the distance of 8 or 10 inches from the eyes, we have two 
images of the different parts of the page placed before the eyes, 
which are seen in different directions, and ought therefore to pro- 
duce double vision ; but this is prevented by habitually directing 
our attention to one of the two, and neglecting the other. 

That the perception of an object will be double if the directions 
in which it is seen by the two eyes are different, may also be 
demonstrated in the following manner : — 

It has been already shown that the optical centres of the eyes 
cannot change their position by the mere action of the muscles 
which move the eye-balls in their sockets, and that- the direction 
in which any distant object is seen by both eyes is the same, and 
hence it is perceived single ; but if a slight pressure be applied to 
the eye with the finger, the optical centre of the eye may be 
moved from its position, so that the direction of the same object 
seen by it and the other eye will not be the same. A distant 
object will in this case be seen double, being perceived in one 
direction by the eye which retains its natural position, and in 
another by that whose position is deranged by pressure. 
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78. It lias been already explained tliat two similar objects 
whose distances from the eye are to each other in the same 
proportion as their linear dimensions will have the same apparent 
magnitude. 

In. like manner, if an object^ such as, for example, a balloon, 
moves from the eye in a direct line, we have no disthict conscious- 
ness of its motion, for the line of direction in which it is seen is 
still the same. It is true that we may infer its motion through 
the air by the increase or diminution of its apparent magnitude ; 
for, if we have reason to know that its real magnitude remains 
unchanged, we ascribe almost intuitively, the change of its 
apparent magnitude to the change of its distance ; and we con- 
sequently infer that it is in motion either towards or from us, 
according as we perceive its apparent magnitude to be increased or 
diminished. This information, however, as to the motion of a 
body in a direct line to or from the centre of the eye, is not a 
perception obtained directly from vision, but an inference of the 
reason deduced from certain phenomena. It may, therefore, be 
stated generally, that the eye affords no perception of direct 
distance, and consequently none of direct motion, the term direct 
being understood here to express a motion in a straight line to or 
from the optical centre of the eye. 

79. The distance of a visible object is often estimated by com- 
paring it with the apparent magnitude and apparent distance of 
known objects which intervene between it and the eye. 

Thus, tiie steeple of a church whose real height is unknown 
cannot by mere vision be estimated either as to distance or 
magnitude, since the apparent height would be the same, provided 
its magnitude were greater or less in proportion to its supposed 
distance. But, if between the steeple and the eye there intervene 
buildings, trees, or other objects, whose average magnitudes may 
be estimated, a proximate estimate of the magnitude and distance 
of the steeple may be obtained. 

For example, if the height of the most distant building between 
the eye and the steeple be known, the distance of that building 
may be estimated by its apparent magnitude, and the distance of 
the steeple will be inferred to be greater than this. 

80. A remarkably deceptive impression, depending on this 
principle, is deserving of mention here. When the disc of the 
sun or moon at rising or setting nearly touches the horizon, it 
appears of enormous magnitude compared with its apparent size 
when high in the firmament. Now, if the visual angle which it 
subtends be actually measured in this case, it will be found to be 
of the same magnitude. How, then, it may be asked, does it 
happen that the apparent magnitude of the sun at setting and at 
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noon are by measure the same, when they are by estunation, and 
by the irresistible evidence of sense, so extremely different P This 
is explained, not by an error of the sense, for there is none, but by 
an erroneous application of those means of judging or estimating 
distance which in ordinary cases supply true and just conclusions. 

When the disc of the sun is near the horizon, a number of 
intervening objects of known magnitude and known relative 
distances supply the means of spacing and measuring a part at 
least of the distance between the eye and the sun ; but when the 
sun is in the meridian, no such objects intervene. The mind, 
therefore, assigns a greater magnitude to the distance, a part of 
which it has the means of measuring, than to the distance no part 
of which it can measure ; and accordingly an impression is pro- 
duced, that the sun at setting is at a much greater real distance 
than the sun in the meridian ; and since its apparent magnitude 
in both cases is the same, its real magnitude must be just so much 
greater as its estimated distance is greater. The judgment, 
therefore, and not the eye, assigns this erroneous magnitude to 
the disc of the sun. 

It is true that we are not conscious of this mental operation. 
But this unconsciousness is explained by the effect of habit, 
which causes innumerable other operations of the reason to pass 
unobserved. 

81. As the eye forms no immediate perception of distance, 
neither does it of form or of magnitude, since, as has been already 
proved, objects of very different real magnitudes have the same 
apparent magnitude to the eye, of which a striking example is 
afforded in the case of the sun and moon. ^Nevertheless, although 
the eye supplies no immediate perception of the real magnitude of 
objects, habit and experience enable us to form estimates more or 
less exact of these magnitudes by the comparison of different 
effects produced by sight and touch. 

Thus, for example, if two objects be seen at the same distance 
from the eye, the real magnitude of one of which is known, that 
of the other can be immediately inferred, since, in this case, the 
apparent magnitudes will be proportional to the real magnitudes. 
ThuSf for example, if we see llie figure of a man standing beside a 
tree, we form an estimate of the height of the latter, that of the 
former being known or assumed. Ascribing to the individual 
seen near the tree the average height of the human figure, and 
comparing the apparent height of the tree with his apparent 
height, we form an estimate of the height of the tree. 

82. It is by this kind of inference that buildings constructed 
upon a scale greatly exceeding common dimensions are estimated, 
and rendered apparent in pictorial representations of them. 
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On entering, for example, the aisle of St. Peter's at Rome, or 
St. Paul's at London, we are not immediately conscious of the 
yastness of the scale of these structures ; but if we happen to see 
at a distant part of the building a human figure, we immediately 
become conscious of the scale of the structure, for the known 
dimensions of this figure supply a modulus which the mind 
instantly applies to measure tiie dimensions of the whole. For 
this reason artbts, when they represent these structures, never 
£ail to introduce human figures in or near them. 

83. It has been explained that the apparent magnitude of 
objects depends conjointly on their real magnitude and their 
distance. Although, therefore, the eye docs not afford any direct 
perception either of real magnitude or distance, we are by habit 
enabled to infer one of these from the other. 

Thus, if we happen to know the real magnitude of a visible 
object, we form an estimate of its distance from its apparent 
magnitude ; and, on the other hand, if we happen to know or can 
ascertain the distance of an object, we immediately form some 
estimate of its real magnitude. 

Thus, for example, the height of a human figure being known, 
if we observe its apparent visual magnitude to be extremely small, 
we know that it must be at a distance proportionally great. If 
we know that at 20 feet the figure of a man will have a certain 
apparent height, and that we find that his figure seen at a certain 
distance appears to have only one-fifth of this height, we infer that 
his distance must be about 100 feet. 

In like manner, the real magnitude may be inferred from the 
apparent magnitude, provided the distance be known or can be 
ascertained. Thus, for example, in entering Switzerland by its 
northern frontier, we see in the distance, bounding the horizon, 
the line of the snowy Alps, and the first impression is that of 
disappointment, their apparent scale being greatly less than we 
expeoiked ; but when we are informed that their distance is sixty 
or eighty miles, our estimate is instantly corrected, and we 
become conscious that the real height of mountains which, seen 
at BO great a distance, is what we observe it, must be pro- 
portionately vast. 

84. When an object moves in any direction which is not in a 
straight line drawn to or from the centre of the eye, the direction 
in which it is seen continually changes, and the eye in this case 
supplies an immediate perception of its motion ; but this perception 
can be easily shown to be one not entirely corresponding to the 
actual motion of the object, but merely to tiie continual change of 
direction which this motion produces in the line drawn from the 

olgect to the eye. 
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Thus, for example, if the eye be at E (fig. 14), any object which 
moves ^m A to b will cause the line of direction in which it is 
seen to revolve through the angle a e b, just as though the body 
which moves were to describe a circular arc, of which e is the 
centre and e a the radius. But if, instead of moving from A to B, 
the body were to move from a' to b', the impression which its 

motion would produce 
Fifif- !*• ^^ upon the sight would 

be exactly the same. 
js^^ — ^ ^ It would still appear 

to be moving from the 
^ direction E A' A to the 
direction e b b'. 

In fine, the eye aflfording no perception of direct distance, 
supplies no evidence of the extent to which the body may change 
its distance from the eye during its motion, and the apparent 
motion will be the same as if the body in motion described a 
circle of which the eye is the centre. 

Hence it is that the only motion of which the eye forms any 
immediate apprehension is angular motion, that is, a motion 
which is measured by the angle which a line describes, one 
extremity of which is at the centre of the eye, and the other at 
the moving object. 

85. Though the real direction in which a distant object moves 
cannot be obtained by the direct perception of vision, some 
estimate of it may be formed by comparing the apparent angular 
motion of the object with its apparent magnitude. 

Thus, for example, if we observe that the apparent magnitude 
of an object remains constantly the same while it has a certain 
apparent angular motion, we infer that its distance must neces- 
sarily remain the same, and consequently that it revolves in a 
circle, in the centre of which the observer is placed ; or if we find 
that it has an angular motion, in virtue of which it changes its 
direction successively around us, so as to make a complete circuit of 
360°, and that in making this circuit its apparent magnitude first 
diminishes to a certain limit, and then augments until it attains a 
certain major limit from which it again diminishes, we infer that 
such a body revolves round us at a varying distance, its 
distance being greatest when the apparent magnitude is least, 
and least when its apparent magnitude is greatest. An exact 
observation of the variation of the apparent magnitude would in 
such a case supply a corresponding estimate of the variation of the 
real distance, and would thus form the means of ascertaining the 
path in which the body moves. 

86. An example of this is presented in the oases of the sun and 
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moon, whose apparent magnitudes arc subject, during their revo- 
lution round the earth, to a slight variation, being a miTn'TnuTn at 
one point and a maximum at the extreme opposite point, tho 
Tariation being such as to show that their motions are made in an 
ellipse in the foous of which the earth is placed. 

87. As the eye perceives the motion of an object only by the 
change in the direction of the line joining the object with the eye, 
and as this change of direction may be produced as well by the 
motion of the observer as by that of the object, we find accordingly 
that apparent motions are produced sometimes in this manner. 
Thus, if a person be placed in tho cabin of a boat which is moved 
upon a river or canal with a motion of which the observer is not 
consdons, the banks and all objects upon them appear to him to 
move in a cohtrary direction. In this case the line drawn from 
the object to the eye is not moved at the end connected with the 
object, which it would be if the object itself were in motion, but 
at the end connected with tho eye. The change of its direction, 
however, is the same as if the end connected with the object had 
a motion in a contrary direction, the end connected with tho eye 
bein^ at rest; consequently the apparent motion of the objects 
seen which are really at rest, is in a direction contrary to the real 
motion of the observer. 

88. In some cases the apparent motion of an object is produced 
by a combination of a real motion in the object and a real motion 
in the observer. Thus, if a person transported in a railway car- 
riage meet a train coming in the opposite direction, both ex^emes 
of the line joining his eye with the train which passes him are in 
motion in contrary directions ; that extremity which is at his eye 
is moved by the motion of the train which carries him, and Ihc 
other extremity is moved by the motion of the train which passes 
him. The change of direction of tho line is accordingly produced 
by the sum of these motions ; and as this change of direction is 
imputed by the sense to the train which passes, this train appears 
to move with the sum of the velocities of the two trains. Thus, 
if one train be moved at twenty miles an hour, while the other is 
moved at twenty-five miles an hour, the apparent motion of the 
passing train will be the same as would be the motion of a train 
moved at forty-five miles an hour passing a train at rest. 

89. If the line joining a visible object with the eye be moved 
at both its extremities in the same direction, which would be the 
case if the observer and the object were carried in parallel lines, 
then the change of direction which the line of motion would 
undergo would arise ^m the difierence of the velocities of the 
observer and of the object seen. 

If the observer in this case moved slower than the object, the 
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extremity of the line of motion connected with the object would 
be carried forward faster than the extremity connected vith the 
observer, and the object would appear to move in the direotioii 
of the observer's motion, with a velocity equal to the difference ; 
but if, on the contrary, the velocity of the observer were greater 
than that of the object, the extremity of the line connected with 
the observer would be carried forward faster than that connected 
with the object, and the change of direction would be the same as 
if the object were moved in a contrary direction with the difference 
of the velocities. 

It is easy to perceive that a vast variety of complicated rela- 
tions which may exist between the directions and motions of the 
observer and of the object observed, will give rise to very com- 
plicated phenomena of apparent motion. Thus, relations may 
be imagined between the motion of the observer and that of the 
object perceived by which, though both are in motion, the object 
will appear stationary ; the motion of the one affecting the line 
of direction in an equal and contrary manner to that with which 
it is affected by the other ; and, in the same manner, either motion 
may prevail over the other more or less, so as to give the line 
of direction a motion in accordance with or contrary to the real 
motion of the object. 

90. All these complicated phenomena of vision are presented in 
the problems which arise on the deduction of the real motion of 
the bodies composing the solar system from their apparent motions. 
The observer placed in the middle of this system is transported 
upon the earth in virtue of its annual motion round the sun with 
a prodigious velocity, the direction of his motion changing from 
day to day according to the curvature of the orbit. The bodies 
which he observes are also affected with various motions at various 
distances around the sun, the combination of which with the motion 
of the earth gives rise to complicated phenomena, the analysis of 
which is made upon the principles here explained. 

91, It is usual to express the relative position in which objects 
are seen by the relative direction of lines drawn to them from the 
eye ; and the angle contained by any two such lines is called the 
angular or visual distance between the objects. Thus, the ^^ngTikr 
distance between the objects a and b, fig. 14, is expressed by the 
magnitude of the angle A e b. If this angle be 30°, the objects 
are said to be 30" asunder. It is evident from this that all objects 
which lie in the direction of the same lines will be at the same 
angular distance asunder, however different their real distance 
from each other may be. Thus, the angular distance between A 
and B, fig. 14, is the same as the angular distance between 
A' and B'. 

92 
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92. Sight does not afford any immediate perception either of the 
YQlume or shape of an object. The information which we derive 
from the sense, of the bnlk or figure of distant objects, ib obtained 
by the comparison of different impressions made upon the sense of 
sight by the same object at different times and in different posi- 
tions. A body of the spherical form seen at a distance appears to 
the eye as a fiut circular disk, and would never be known to have 
any other form, unless the impression made upon the eye were 
combined with other knowledge, derived from other impressions 
through sight or touch, or both these senses, and thus supplied 
the nnderstanding with data from which the real figure of the 
olgect could be inferred. The sun appears to the eye as a flat, 
dronlar disk ; but, by comparing observations made upon it at 
different times, it is ascertained that it revolves round one of its 
diameters in a certain time, presenting itself under aspects in- 
finitely varying to the observer ; and this fact, combined with its 
invariable appearance as a circular disk, proves it to be a sphere ; 
for no body except a sphere, viewed in every direction, would 
appear circular. 

Although we do not obtaia from the sense of sight a perception 
of the shape of a body, we may obtain a perception of the shape 
of one of its sectbns. Thus, if a section of the body be made by 
a plane passing through it at right angles to the line of vision, 
the flight supplies a distinct perception of the shape of such section. 
Thus, if an egg were presented to the eye with its length in the 
direction of the line of vision, it would appear circular, because a 
section of it made by a plane at right angles to its length is a 
oirole ; but if it were presented to the eye with its length at right 
angles to the line of vision, it would appear oval, that being the 
shape of a section made by a plane passing through its length. 

If a body, therefore, presents itself successively to the eye in 
several different positions, we obtain a knowledge by the sense of 
sight of so many different sections of it, and the combination of 
these sections may in many cases supply the reason with data by 
which the exact figure of the body may be known. 

93. As the term *^ apparent magnitude " is used to express the 
visual angle under wUch an object is seen, we shall adopt the 
term visible area to express the apparent magnitude of the section 
of a visible object made by a pl^e at right angles to the line of 
vision, that is to say, to the line drawn from the eye to the centre 
of the object. 

94. Besides receiving through the sight a perception of the 
figure of the section of the object which forms its visible area, we 
also obtain a perception of the lights and shades and the various 
tints 0f edonr which mark and characterise such ai«a. B"^ 
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comparing the perception derived from the sense of touch with those 
lights and shades^ we are enabled by experience and long habit 
to judge of the figure of the object from these lights and shades 
and tints of colour. It is true that wo are not conscious of this 
act of the understanding in inferring shape from colour and from 
light and shade ; but the act is nevertheless performed by the 
mind. The first experience of inference is the comparison of the 
impressions of sight with the impressions of touch ; and one of the 
earliest acts of the mind is the inference of the one from the other. 
It is the character of all mental acts, that their frequent per- 
formance produces an unconsciousness of them ; and hence it is 
that when we look at a cube or a sphere of a uniform colour, 
although the impression upon the sense of sight is that of a flat 
plane variously shaded, and having a certain outline, the mind 
instantly substitutes the thing signified for the sign, the cause 
for the efiect ; and the conclusion of the judgment, that the object 
before us is a sphere or a cube of uniform colour, and not as it 
appears, a fiat plane variously shaded, is so instantaneous, that 
the act of the mind passes unobserved. 

The whole art of the painter consists in an intimate practical 
knowledge of the relation between these two effects of perception 
of sight and touch. The more accurately he is able to delineate 
upon a fiat surface those varieties of light and shade which 
visible objects immediately produce upon the sense, the more 
exact will be his delineation, and the greater the vraisemblance 
of his picture. 

What is called relief in painting is nothing more than the exact 
representation on a fiat surface of the varieties of light and shade 
produced by a body of determinate figure upon the eye ; and it is 
accordingly found that the fiat surface variously shaded produced 
by the art of the painter has upon the eye exactly the same efTect 
as the object itself, which is in reality so different from the coloured 
canvas which represents it. 

95. The immediate impressions received from the sense of sight 
are those of light and colour. The impressions of distance, mag- 
nitude, form, and motion are the mixed results of the sense of 
sight and the experience of touch. Even the power of distinguish- 
ing colours is not obtained immediately by vision without some 
cultivation of this sense. The impractised eye of the new-born 
infant obtains a general perception of light ; and it is certain that 
the power of distinguishing colours is only found after the organ 
has been more or less exercised by the varied impressions produced 
by different lights upon it. It would not bo easy to obtain a 
summary demonstration of this proposition from the experience 
of infancy, but sufficient evidence to establish it is supplied by 
94 
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the oases in which sight has been suddenly restored to adults blind 
from their birth. In these cases, the first impression produced by 
vision is that the objects seen are in immediate contact with the 
eye. It is not until the hand is stretched forth to ascertain the 
absence of the objects seen from the space before the eye that this 
optical fallacy is dissipated. 

The eye which has recently gained the power of vision at first 
cannot distinguish one colour from another, and it is not until 
time has been given for experience, that either colour or outline 
is perceived. 

96. Besides that imperfection incident to the organs of sight 
arising from the excess or deficiency of their refractive powers, 
there is another class which appear to depend upon the quality of 
fhe humours through which the light proceeding from visible 
objects passes before attaining the retina. It is evident that if 
these humours be not absolutely transparent and colourless, the 
image on the retina, though it may correspond in form and outline 
with the object, wHl not correspond in colour ; for if the humours 
be not colourless, some constituents of the light proceeding from 
the object will be intercepted before reaching the retina, and the 
picture on the retina wiU accordingly be deprived of the colours 
thus intercepted. If, for example, tlie humours of the eye were 
so constituted as to intercept all the red and orange rays of white 
light, white paper, or any other white object, such as the sun, 
for example, would appear of a bluish-green colour ; and if, on 
the other hand, the humours were so constituted as to intercept 
the blues and violets of white light, all white objects would ap- 
pear to have a reddish hue. Such defects in the humours of the 
eye are fortunately rare, but not imprecedented. 

97. Sir David Brewster, who has curiously examined and col- 
lected together cases of this kind, gives the following examples 
of these defects : — 

A sing^ar affection of the retina in reference to colour is shown 
in the inability of some eyes to distinguish certain colours of the 
spectrom. The persons who experience this defect have their 
eyes generally in a sound state, and are capable of performing all 
the most delicate functions of vision. Mr. Harris, a shoemaker 
at Allonby, was unable from his infancy to distinguish the cher- 
ries of a cherry-tree from its leaves, in so far as colour was 
concerned.. Two of his brothers were equally defective in this 
respect, and always mistook orange for grass-green, and light 
green for yellow. Harris himself could only distinguish black 
and white. Mr. Scott, who describes his own case in the Phi- 
losophical Transactions, mistook pink for a pale blue, and a full 
red for a fuU green. 
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All kinds of yellows and blues, except sky-bine, he could 
discern with great nicety. His father, bis maternal uncle, one 
of his sisters and her two sons, had all the same defect. 

A tailor at Plymouth, whose case is described by Mr. Harvey, 
regarded the solar spectrum as consisting only of yellow and 
light blue ; and he could distinguish with certainty only yellow, 
white, and green. He regarded indigo and Flrussian blue as 
black. 

Mr. E. Tucker described the colours of the spectrum as 
follows : — 



Red mistaken for . 


• • 


brown. 


Orange ,, 


• • 


green. 


Yellow sometimes 


• • 


orange. 


Ghreen ,, 


• • 


orange. 


Blue ,, . 


• • 


pink. 


Indigo ,, 


• • 


purple. 


Violet „ 


• • 


purple. 



A gentleman in the prime of life, whose case I had occasion to 
examine, saw only two colours in the spectrum, viz. yellow and 
blue. When the middle of the red space was absorbed by a blue 
glass, he saw the black space with what he called the yellow on 
each side of it. This defect in the perception of colour was ex- 
perienced by the late Mr. Dugald Stewart, who could not perceive 
any difference in the colour of the scarlet fruit of the Siberian 
crab, and that of its leaves. Dr. Dalton was unable to distinguish 
blue from pink by daylight ; and in the solar spectrum the red 
was scarcely visible, the rest of it appearing to consist of two 
colours. TAx. Troughton had the same defect, and was capable of 
fully appreciating only blue and yellow colours; and when he 
named colours, the names of blue and yellow corresponded to the 
more and less refrangible rays; all those which belong to the 
former exciting the sensation of blueness, and those which belong 
to the latter the sensation of yellowness. 

In almost all these cases, the different prismatic colours had 
the power of exciting the sensation of light, and giving a distinct 
vision of objects, excepting in the case of Dr. Dalton, who was 
said to be scarcely able to see the red extremity of the spectrum. 

Dr. Dalton endeavoured to explain this peculiarity of vision by 
supposing that in his own case the vitreous humour was blue, and 
therefore absorbed a great portion of the red and other least 
refrangible rays ; but this opinion is, we tMnk, not well founded. 
Sir J. Herschell attributes this state of vision to a defect in the 
sensorium, by which it is rendered incapable of appreciating 
exactly those differences between rays on which their colour 
depends. 
96 
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2. Printing, in its most general sense, is the name given to all 
processes in the arts, by which the same forms or characters are 
indefinitely multiplied, by the impressions of the surface upon 
which they are formed repeatedly and successively, upon the 
surface to which they are to be transferred. Thus, in calico 
printing, the same figures are transferred in rapid succession to 
different pieces of cloth, or to different parts of the same piece, by 
means of blocks or rollers, upon which the figures are produced^ 
either in relief or intaglio, that is, either in raised or sunken 
characters. In such cases the blocks, or rollers, are pressed in 
succession on the surface of the cloth to be printed, being however 
previously smeared with colouring matter. In the printing of 
copper or steel engravings, the design is produced by the engraver 
in lines sunk in the surface of the copper or steel by the engraving 
tool. These lines being filled with the printing-ink, and all 
other parts being carefully cleaned, the plate is impressed on the 
paper with an intense pressure by means of a press specially 
adapted to that purpose. The paper being previously moistened,, 
absorbs the ink from the lines in which it is deposited, and 
exhibits after the impression a perfect copy of the engraving, — 
the sunken lines of the engraving being represented on the paper 
by corresponding lines in ink. 

3. In wood-engravings, and in ordinary book- printing, the 
original from which the impressions are taken is in relief. A 
model in relief of the page to be printed is formed in metal called 
type-metal, consisting of lead rendered hard by being alloyed 
with a small proportion of antimony. The surface being smeared 
with the colouring-matter called printing-ink, is impressed upon 
the paper, and sl facsimile of the original relief is thus produced. 

4. In the earliest and rudest attempts at printing, a manu- 
script page was attached to the surface of a block of wood, 
which was carved into relief corresponding with the characters 
of the manuscript. The impression produced by this means was 
necessarily a facsimile, more or less accurate, of the manuscript 
itself. 

5. The method of printing by means of blocks of wood, or 
metal, carved in relief, is the earliest example on record of fhc 
practical use of the u*t which, in its more improved state, has 
exercised so important an influence upon civilisation. According 
to some antiquarian authorities, the art of producing characters in 
this way may be traced as far back as the building of Babylon. 
The characters found upon bricks, taken from the supposed site of 
that city, having been undoubtedly printed by the method here 
described. We are in possession of metal stamps, with words 
engraved in relief, which the Romans made use of to mark their 
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▼orions articles. If the modem art of making paper had been 
known in those remote times, it is very probable that the art of 
printing books would have existed at a much earlier date than 
that of its actual oommencementy for with the same kind 
of stamps preoiselyy as those by which the Roman tradesmen 
marked their wares, books might have been printed, and the same 
engrayings which adorned the shields and patents of ancient 
timea might, by the aid of paper, have spread the intelligence of 
Greece and Italy over the world. 

According to Du Halde and certain missionaries, the art of 
printing from blocks carved in relief was practised in China fifty 
years before the Christian era ; and, from the early commercial 
interoonrse of the Yenetians with that country, there is reason to 
belieye that the knowledge of this art, in its application to the 
multiplying of books, was originally derived from thence, for 
Yenioe is the first place in Europe in which it is recorded to have 
been practised. 

Its first application was to the production of playing cards and 
religious prints, and when the art was first extended to books 
they were printed by carving each page upon a separate block. 
This process of carving the characters in relief, which was probably 
executed by attaching the manuscript to the face of the block 
and engraving from the manuscript, wilV afibrd on easy and 
obvious explanation of the diversity of characters found in ancient 
books printed from such blocks, and will explain the great simi- 
larity which exists between books thus printed and manuscripts. 
This similarity was increased by their being printed on one side 
of the paper only, the indentation produced by the impression 
being removed by burnishing the back. Two leaves were then 
pasted together, making such a perfect facsimile of the manu- 
script, as to require, even at the present day, great discrimination 
and much chemical skill to distinguish such books from real manu- 
scripts ; and as they have no printers' names, dates, or places affixed 
to them, it is impossible to ascertain by whom, or when, or where 
they were executed. The fabrication of these pseudo-manuscripts 
involved the first introduction of the art of printing. 

6. Movable Types.— About the middle of the fifteenth century 
the art of printing in this rude manner acquired considerable 
extension ; but as each separate work required to have separate 
blocks for each page, and since the blocks for one work were 
altogether useless for another, the printers soon began to feel the 
inoomvenienoe arising from the storage of such numerous collections 
of blocks, to say nothing of the expense of carving them. They 
were, therefore, stimulated to seek for some method less costly 
and onmbrouB, by which the models in relief of the pages could be 
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produced, and so that the materials of the model of any one page 
might be afterwards useful, in the formation of the models of 
other pages. The discovery of the means of accomplishing this 
object by movable types constitutes the most important epoch in 
the history of printing, and is sometimes even regarded, in all 
essential respecte, as the invention of printing itself. After it had 
undergone some successive improvements, it resolved itself into 
the production of models in relief of the letters of the alphabet, 
formed upon the extremities of small bars of metal, which 
being properly selected and placed in juxtaposition, formed the 
words and letters of a page. Such are the types of the modem 
printer. 

The honour of the invention of movable types has been disputed 
by two cities, Haarlem and Mentz. The claims of Haarlem rest 
chiefly upon a statement of Hadrien Junius, who gave it upon the 
testimony of Cornelius, alleged to be a servant of Lawrence 
Coster, for whom the invention is claimed. The claims of Mentz, 
which appear to be more conclusive, are in favour of Peter 
Schseffer, the assistant and son-in-law of John Faust, better 
known as Dr. Faustus. The first edition of the Speculum humarus 
salvattonis was printed by Coster, at Haarlem, about the year 
1440, and is one of the earliest productions of the press of which 
the printer is known. The celebrated Bible, commonly known as 
the Mentz Bible, without date, is the first important specimen of 
printing with movable metal types. This was executed by Guten- 
berg and Faust, or Fust, as it is sometimes spelt, between the years 
1450 and 1455. The secret of the method then becoming known, 
presses were speedily established in all parts of Europe, so that 
before the year 1500 there were printing-offices in upwards of 
220 different places in Austria, Bavaria, Bohemia, Calabria, the 
Cremonese, Denmark, England, Flanders, France, Franconia, 
Frioul, Geneva, Genoa, Germany, Holland, Hungary, Italy, 
Lombardy, Mecklenberg, Moravia, Naples, the Palatinate, 
Piedmont, Poland, Portugal, Rome, Sardinia, Upper and Lower 
Saxony, Sicily, Silesia, Spain, Suabia, Switzerland, Thessalonica, 
Turkey, Tuscany, the Tyrol, Venice, Verona, Westphalia, 
Wurtemberg, &c. 

This vast and rapid extension of the art, combined with the 
skill which the earlier printers displayed in it, seems to be totally 
incompatible with the date assigned to the invention, and it is 
more probable, that the art having been long practised in private 
under continued attempts at secrecy, it at length broke into 
publicity after it had already attained a considerable degree of 
perfection. 

7, When the page of a book is formed by properly combining 
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the types, and a sufficient nnmber of copies of it produced by the 
process of printing, the types which form it are disengaged and 
separated and used to form other pages of the same or other 
books. Thus, while in the first attempts at printing, each model 
of letter in relief neyer did any other duty than the printing of 
the very book for which it was formed, the type of each letter in 
printing with movable types is transferred from page to page, 
and is used successively in the printing of an indefinite number of 
pages of the same or different works. 

8. The prooeM of printine^, then, consists in a certain suc- 
cession of operations, the first of which is putting together the 
types so as to form lines and pages ; the second, putting together 
lliese pages in such a manner, that when impressed upon sheets, 
and the sheets folded, they will succeed each other in the proper 
order. The subsequent operations of folding, stitching, and 
combining these sheets together, so as to form a volume, is the 
business of the bookbinder. 

9. Oompoaition. — The process of putting the types together is 
called composing, and the person who performs this operation is 
called a compositor. He stands before an inclined desk, as shown 
in the view of the composing-room (fig. 1), which is divided into 
a number of compartments of different sizes. A, b, in each of which 
are placed a certain number of types of a particular letter. By 
practice he learns without hesitation to direct his hand to the 
compartment which contains the letter he wants, without removing 
his eye from the manuscript which lies before him. He holds in 
his left hand an instrument called a compostng-stickf which is so 
formed as to receive the types in successive juxtaposition, until 
the requisite number have been placed to form a complete line, 
alter which another line is composed in like manner, and thus 
line after line is composed imtil a complete page has been formed. 
The spaces between words are made by the insertion of small 
ban called quadrats, similar to those of type, but having no 
letter oast upon their ends, and the spaces between line and line 
are produced by the insertion of thin plates of metal called 
leads. When the lines are considerably separated from one 
another, they are accordingly said to be '* leaded.'' When a 
page has been composed the compositor ties a cord round it, 
called a page^cord, to hold the types of which it consists pro- 
visionally tc^ether, and placing it apart, proceeds to form another 
page, and so on. 

10. Since every line of the same page must necessarily have the 
same length, whether the types which compose it fiU out that 
length or not, any deficient space is filled by quadrats placed at 
the most convenient points between the words. 



IMPOSING — READING! CORRECTING. 

In like manner the blank parts of last lines of paragraphs 
are filled with quadrats. 

11. When the pages of one side of a sheet have been thus com- 
poaedy'they are placed in the diyisions of an iron form called a chase y 
Oy By BOYeral of which appear in the view of the composing-room, 
fi^. 1. These chases, of course, vary in their form and mode of 
diyinon aooOrding to the size and number of the pages which form 
a sheet. We have here supposed the pages which are composed 
and arranged in the chase to be those which are required to be 
printed on one side of the sheet. A similar number are composed 
and dmilarlj put together in another chase, being those to be 
printed on the other side of the sheet. 

12. ■ Impoainif. — ^The process of arranging the pages in the 
ohase is called *< imposing." 

13. neadem and Oorrectors. — When the pages composing 
each side of the same sheet have been thus '^ ttnposedf** and the 
tjrpes securely fieistened in the chase by proper wedges, the chases are 
brought to a printing-press, which will be presently described, 
wliere a single impression is taken from them, called the Jlrat 
proof f which, being properly folded, is taken to a person called 
the ** reader^** who has always a boy capable of reading the 
manuscript to assist him. While the boy reads the manuscript, 
the ** reader " follows him upon the proof, which he carefully 
examines,- and upon which he marks the errors of the compositor. 
The proof is then returned to the compositor, who corrects the 
errors indicated by the reader, and a second impression is then 
taken with more care, and generally on better paper. This is 
called a clean proof y and is again examined by the reader to 
ascertain whether the compositor has corrected all the errors 
preyiously indicated ; and if there are none uncorrected, the 
proof is then sent to the author. In good printing-offices there arc 
few or no press errors found in the author's proof, those corrected 
hj him- being in general errors which had been overlooked in his 
own manuscript, or corrections of language suggested to him in the 
rtrision of the sheet. 

14. After the sheet has received the correction of the author, 
the fi)rm to be printed is laid upon a horizontal table, with the 
fSaees of the types uppermost, and the following operations arc 
ezeoatedt — 1st. Printing-ink is applied to the faces of the type, 
80 evenly that there shall be no blotting or inequalities in the 
printing ; 2nd. The sheet of paper to be printed is laid upon the 
ferm so as to receive the impression of the type in its proper 
position, and in the centre of it ; drd. This paper is urged upon 
the type by a sufficient pressure to enable it to receive the printed 
QhsaMtetSj such pressure) however, not being so ^;^v)l\. ^^\x> ^«»£fe 
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the type to penetrate or deface the paper ; 4th. The paper is, in 
fine, when thus printed, withdrawn from the type and laid upon 
a table, where the printed sheets are collected. 

15. Znkini^. — In the old process these operations were per- 
formed by two men, one of whom was employed to ink the tyjpes, 
and the other to print. The former was armed with two bulky 
inking-balls, consisting of a soft black substance of leathery 
appearance, spherical form, and about twelve inches in diameter. 
He flourished these with dexterity, dabbed them upon a plate 
smeared with ink, and then with both hands applied them to the 
faces of the types until the latter were completely charged with 
ink. This accomplished, the other functionary — ^the pressman — 
having prepared the sheet of paper while the type was being 
inked, turned it down upon the type, drew it under the preas,, 
and with a severe pull of the lever gave the necessary pressure by 
which the paper took the impression of the type. A oontmiy 
motion of the apparatus withdrew the type from under the press, 
and the pressman, removing the paper now printed, deposited it 
upon a table placed near him to receive it. The same. series of 
operations was then repeated for producing the impressioiL of anotfaisr 
sheet and so on. In this manner two men in ordinary book-work 
usually printed at the rate of 250 sheets per hour on one side. 

16. Znking-rollers. — One of the first improvements whibh 
took place upon this apparatus consisted in the substitutioiL of a 
cylindrical roller for the inking-balls. This roller was moonted 
with handles, so that the man employed to ink the t3rpe,fixBt. 
rolled it upon a fiat surface smeared with ink (fig. 2), and having- 
thus charged it, applied it to the type form, upon which .he rolled. 
it in a similar manner, thus transferring the ink from the roUar , 
to the faces of the type. The substitution of these inking-iollBm 
for the inking-balls constituted one of the most important steps 
in the modem improvement of the art of printing. The rollers 
were composed of a combination of treacle and glue, and closely ' 
resembled caoutchouc in their appearance and qualities. , 

17. Stanhope Press. — The process by which these operatums. 
were executed, assumed in the course of years a great Tariaty 
of improved forms, and one of the most celebrated and most imi" ■ 
versaUy adopted having been supplied by the inventiye genim 
of Earl Stanhope, has accordingly retained his name, and h\ 
known as the Stanhope press. This machine, which, resemblingidl i 
other improved presses in its general features, and serving, theio* • 
fore, as an example of hand-presses in general, is shown in fig. 3* 
The two principal parts of the machine arejirst, that whioh pro* 
duces the pressure, and the second^ that which supports the paper. 

The former is a massive frame of oast iron, formed in a single 
S 
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piece, in the upper part of which is a nut, in which a screw 
moves — the point of which acts upon the upper end of a slider, 
which is fixed into a doyetailed groove formed between two 
vertical bars of the frame. This slider has attached to its lower 
end a square plate, called the platten, which rises and falls 
according as the screw is turned in the one direction or the other. 
The weight of the plattenfig. 3, a, and slider, which is considerable, 
is counterpoised by a heavy weight c suspended by a lever behind 
the press. The flat table, called the carriage, upon which the form 
of types is laid, is moved backwards and forwards by means of a 
winch, which appears in fig. 3. By means of this winch, and 
the rack or band with which it is connected, the carriage with 
the type form can be moved by the pressman alternately back- 
wards and forwards, so that it can be brought under the platten, 
and after having received the pressure, can be removed back to 
its first position. The platten is made to impart the pressure by 
means of a lever called the knee lever , an expedient which is 
much used in the arts in cases where any intense pressure is 
required to be produced through a very limited space. The 
mechanical effect of this species of lever will be understood by a 
reference to ^, 4, where a b is a metal rod, having a fixed point 

p. ^ of support A on which it works; 

another bar g c is jointed to it 
at c, a point intermediate be- 
tween A and B. This bar c g 
is jointed at G to a plate such 
as B, or any other object to 
which it is desired to trans- 
mit any intense force acting 
through a very limited space, 
as, for example, in the present 
case, where the paper is pressed 
upon the type by a plate which 
is driven upon it by a sudden 
and severe force. The handle 
B of the lever being pressed in 
the direction of the arrow, ex- 
erts a corresponding pressure 
on the point c, which is driven 
in the direction c D perpendicular to a b. This motion c D is re- 
solved into two by the parallelogram of forces, one in the direction 
c E, and the other in the direction c F ; the latter exerts pressure 
on the fixed point a, and the other acts upon the plate E by means 
of the joint g forcing it downwards. As the joint c advances, the 
angle Aca becomes more and more obtuse, and the component c e 
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•of tihe force acting at b, bears a rapidly increasing proportion to 
the force itself, so that when the levers a c and c o come nearly 
into a right line, the pressure exerted at b is augmented at g in an 
almost infinite proportion. 

In working tiie press, the pressman places a sheet of paper to 
be printed upon the frame f, called the tympan, where it is held 
in its place by turning over it the frame o, which is supplied 
with roids or cords corresponding *to the spaces between the pages 
•of the form. While the pressman is thus employed, his assistant 
is engaged in inking the types with a roller, as shown in fig. 3. 
When this has been accomplished, the pressman turns down the 
tympan carrying the paper upon the types, and then, by turning 
ihe handle, moves the carriage with the type form upon it under 
ifae platten, and applying his hand to the handle above him 
presses the platten down upon the tympan carrying the paper, and 
by means of the knee lever produces a sudden and severe pressure 
liy which the paper receives the impression of the type. The 
handle is then moved in a contrary direction, the platten being 
raised from the t3rpe form, and by turning the other handle the 
carriage with the type form is removed from under the platten. 
The pressman then raises the tympan from the types, and taking 
ihe printed sheet off, replaces it by afresh blank sheet, over which 
he tarns the frame as before; and while he is performing this 
•operation, his assistant is occupied in inking the types, after 
which the same operations are performed, and another sheet is 
printed, and so on. 

18* Frintiiii^ Machines. — ^The printing presses which served 
the purposes of publication for some hundred years, during which 
they received no other improvements than such as might be 
izegarded merely as modifications in the detail of their mechanism, 
have been almost entirely superseded by engines of vastly increased 
power and improved principles of construction. Although these 
; admirable machines difier one from another in the details of their 
mechanism, according to the circumstances imder which they are 
: applied, and the power they are expected to exert, they are 
nevertheless characterised by certain common features. 

19. The form to be printed is laid in the usual manner upon a 
(perfectly horizontal table, with the faces of the types uppermost ; 
•and upon the same table, in juxtaposition with the form, and 
level with the faces of the types, or nearly so, is placed a slab 
upon which a thin and perfectly regular stratum of prinling-ink 
'18 difiosed ; the table thus carrying the form and inking-slab is 
moved by proper machinery right and left horizontally, with a 
aedprocating rectilinear motion through a space a little greater 
ihan the length of the form. 

W 
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' Above the form and slab are mounted; also in juxtaposition, a. 
large cylinder or drum, which carries upon : it the sheet of paper 
to be printed, and three or.fourinking-roUers similar to that 
already described. There are also three or. four. other rollers in. 
juxtaposition with the latter, one of which supplies ink to^the 
others j !which severally spread it in a uniform stratum upon the 
slal). The paper-cylinder and the inking and diffusing rollers are 
so mounted, that when the horizontal table, carrying the. form 
and inking slab, moves alternately backwards and forwards under 
them, they, roll upon it. » :• 

' In. this way, when the table is moved towards the rollers, the 
form, passing under the inking-rollers right and left, receives 
from them the ink upon the face of the type; and at the, same time 
the slab, moving backwards and forwards imder -the dilEusing 
rollers, receives from them, upon its surface, the proper : stratum 
of ink to supply the place of that which was taken from it by the 
inkihgrrollfers. ' .'/ ^ • ' 

: 20.' Sinf^lePrintinJi^ Machines. — ^When the table is moved 
alternately towards the other side, the form, with the types 
abeady inked, passes ui^der the cylinder clurrying the paper, the 
motion of which is so regulated as to correspond exactly with the 
rectilinear motion of the table cariying the form. The cylinder 
is urged upon the i type with a regulated force, sufficient and. not; 
more than sufficient, to impress the type upon the paper., ^ . > 
The. sheets of paper are supplied in succession to the cylinder, 
and held evenly upon it by bands of tape while they, pass in 
contact with the type. After receiving the impression of. the 
type', the tapes. which bound them are separated, and the printed 
sheets discharged. < < . ; ; 

Such is the general principle of single printing-machines. ^ 
21. '.Double Printiiii^ Machines. — In these the table which 
is moved alternately right and left, carries two forms, one corre- 
sponding to the pages to be printed on one side of the sheet, and! 
the other to those to be printed on the other side. There are also 
two inking-slabs, one to the left of the left-hand form, a,tid the: 
other to the right of the right-hand form. There are ali^. two. 
paper cylinders, and two sets of inking and diffusing-toUeirs. 
Each sheet of paper to be printed, being held between tapes, as 
already described, is carried succeissively round the two oyliiid6rs, 
being so conducted, in passing from one. to the othier, that; ope 
side of it passes in cbntact with, and is printed by, one' form, und 
the' opposite side by the other form. The proportion oif the 
motionsis so nicely regulated^ that the impression of eaoh'pl4f^ or 
column made on oneside'of the paper, -corresponds exactly. With 
tibat of the oorres2X>nding page or column on the other side. 
12 
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^Diii general dmeription will be more clearly ondentood bf 
refarenoe to the fblloirmg illustrative diagrama : — 

Fig. 6 illnltntot ths operaUon of a aiogle printjng-machina. Tbe fiirni 
A ftnd tha inking-ilab b, &re pkced on a hociiontal Uble ; aboTe diem u 
flw ptper-qrlinder d, the inking- rollers i t i, the diffnsiDg-rollera c e, and 
tbandln O, whicli mpply the ink to the iliSiuiiig-roUen. The firitof 
tiieaa, a, ii called the ductor roller. When the table x t ia moved tonoHa 
Um 1^ Cram T to z, the form a p&aaea under the inking-roUera i i i, and 
leocdTSi ink from Uiem on ths bcea of the t;pe : at the ume time the slab 
B puns under the ^ffoaing-rollera c c, and receiTes from (hem a sapplj of 
ink to leplaee vhot it bos joit given to (be inking-rollen. 




When Hm table is movei] ia the contrary diieetion, from x towards i, the 
foKD ODM more paaaea nnder the inking-rollera, and afterwords under the 
p(q>er-orlinder, which being presfied upon it, while it raovea in exact accord' 
asoe with it, the types discharge upon the paper tbe ink they have just 
Teoeived from the lolleie ; and the printing of the paper being thus effected 
<n one aide, the aheet is disdiargrd from the tapes. The table is then 
ogun mored to the left, and the types are again inked, and tbe same effects 
enine aa have already been described. 

Id. this manDer sheet after sheet is printed. 

The inking and diffiiaing-rallers rest upon the slab and 
^rpe« by their weight, the tixes projecting from their ends being 
interted in alita formed in upright aappoits, attached t^ opposite 
ridet of the frame which supporta the moTing table. Tbe two 
upright pieces in wbioh the axes of each roller are inserted, are 
not plaoed in exact opposition to each ctber ; tbe oonaeqaenca of 
which is, that tbe rollers are plaoed with tbeir axes alightlj 
inclined to the sides of the table. Tbia arrangement ia attended 
with a Tcry important effect : for, in consequence of tbe friotion 
or adhesion of tbe rollers with liie alah, theyare moved alternately 
in oontrary direotioos with the longitudinal motion aoroas the 
table. This motion, oombined with tiieir rolling motion n^on the 
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slab, aids materiaUy in diffiuing the ink in a perfectly uoifonn. 
stratum. 

An illn>b«tive diagram of a double printiag-mkchiiie u showa ia Gg. S, 
whers D and »* are the (no paper-cjlinden ; A and a', the two formB ;. 
Hi and f >' •', the inking-roUers ; e c and i! e*, the diffiuiag'rDUent ; and 
and o* tiie doctor-rollers. The pile of paper placed on the table I, ia 




supplied ibeet bjr sheet to the tqiea between which it ii held ; and being 
passed orer the roller a, and under the cylinder d', it receiree tlie impres- 
sion of the t]>pea of the form i! ; it then passes snceessiTely oier the roller 
t', under T, and roond die cylinder n, at the lover point of which its 
unprinted side ooraes into contact with the types of the form A, bj which 
it is printed ; after whioh, the tapes opening, it is thrown ont by the cen- 
trifugal fbrce npon the receiving table r. 

It will be apparent by the figure, that while the sheet is printed on one 
^de by the fbnn a', the form a is passing between the inking-toUers ii i, 
and the ilab h ; and on l^e contrary, while (he psper ia printed on the other 
side by the form A, the fonn if is passing between the ioking-rollera i' i' i' 
and the slab b'. 

In this maimer, by enah alternate motion from right to left, and 
from left to right, a sheet ia printed on botli Bidea. 

22. A perspectiTe riaw of a donble-aoting printing maobine, as 
oonstraoted by Messrs. Applegatb and Cowper, ia shown in fig, 7, 

A boy, called the layer-on, e, standing at an elevated desk, 
piiahea the paper, sheet by sheet, towards the tapes, which, oloaiug 
upon it, carry it over a roller K, passing under which it is oarried 
to tbe right of the cylinder s, under which it passes, and being- 
carried up to the left of it, passes snoeessively over the roller I, 
under Hie roller V, oyer the cylinder n, and drawn along its left 
side, after whiob it passes under it, and is flung into the hands of 
a boy, p, called tlie taksT'off, seated before a table placed between 
the two cylinders n and s', upon which be disposes tbe sheets as 
he receives them. 

In this manner the layer-on feeds tlte machine in constant 
sncoession with blank aheeta, which, being earned under the 
cylinder s, are printed on one side, and afterwards under the 
cylinder s', aie printed on the other, when they are received by 
the taker-off. 
14 
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" No, let ft pot be formed, of amplest site. 
Within whose aleikder udea the Sib, dread sire, 
U^ spread his Tut drcnmference entire I 
Bring, bring the tempered thj, and let it feel 
The quick gyntioDS of the pUiatic wheel : 
But, Cnaar, thus forewarned, mate no campiugD, 
Unkss jonr pottera follow in jour train,"— Giffobd. 

Kg. i. 




5. In the ofttaoomba of Thebes and Beni-Hassan, whicli have 
been proved to hare existed mnefcen centoriea before Christ, and 
therefore 3700 to 3800 yeara from the present tiroe, drawings have 
been discovered, exhibiting, in a great variety of forms, the processes 
of the potter's art as then practised. The annexed engrttYings 
(fig. 1 to S) have been copied from paintings discovered in the 
catacomhs of Thebes, and described by Champollion. They 
exhibit the processes of the potter, from the kneading of the 
dough by the feet to the removal of the baked article from the 

6. Fig. 1 represents two potters kneading^ the paste by the pro- 
oess cf treading. The hieroglyphics signiiy "he treads." 

Fig, 2. — A man taJting up the dough to form it into a mass 
for the wheel. The hieroglyphics express this action. 

Fig. 3.— The same man taking the ball, or prepared mass, to 
the [Otter who works at tiie wheeL 

IIT 
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The ductor-roUers, c and c', are kept in revolution bj endless 
bands, carried over rollers at the lower parts of the frame, and 
then over grooved wheels fixed on the axes of the cylinders. The 
table carrying the forms and slabs is moved alternately right and 
left by means of a pair of bevelled wheels, w, under the frame, 
and a double rack and pinion above ; one of the bevelled wheels, 
having a horizontal axis, receives motion from a steam-engine 
or other moving power ; it imparts motion to the other bevelled 
wheel, having a vertical axis. This latter axis has a pinioa fixed 
at its upper end, which works in a double rack attached to the 
movable type-table, which is so constructed that the oontmuous 
rotation of the pinion imparts an alternate rectilinear motion 
right and left to the rack and to the table attached to it. 

The manner in which the tapes lay hold of and conduct the 
paper successively round the cylinders, and finally discharge it 
upon the table of the taker-off, will be easily understood by re- 
ference to fig. 8, page 177. 

c and D are two grooved rollers, surrounded by an endless band 
which pushes the paper from the table of the layer on towards the 
tapes. The two endless tapes, between which the ^aper is held, 
are represented in the diagram by the continuous and dotted 
lines, and the direction of their motion round the rollers and 
cylinders is represented by the arrows. It will be perceived that 
opposite the table of the layer-on, the tapes converge, from two 
small rollers d and A, and come into contact at the top of the 
roller £. The edges of the sheets of paper, being advan(^ from 
the table of the layer-on, are caught between the tapes im- 
mediately above the roller e. 

It must be imderstood that there are two or three pairs of tapes 
parallel to each other, which correspond to the margins of the 
pages or columns ; but only one pair is shown in tiie figure. 

The paper being thus seized between the tapes above the roller 
E, is carried successively, as shown in the figure, still held 
between the tapes, imder and over f h i and g, until it arrives at 
e, where the tapes separate, that which is indicated by the con- 
tinuous line being carried to the roller a, and that by the dotted 
line, over the roller », to the roller k. The tapes being thus se- 
parated the printed i^eet is discharged at t, upon the table of the 
taker-off ; meanwhile, the tape indicated by the continuous line 
is carried successively over the roller a, under 5, under c, outside 
dy and is finally returned to the roller E. 

In the same manner the tape indicated by the dotted line is 
carried successively under the roller k and m, outside n, over t* 
and A, from which it returns to E, where it again joins the other 
tape proceeding from d, 
16 
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33. Tsx-flrdt maohinea oonstmoted upon this improred prin- 
ciple fot printing newapapera, were erected at the printiDg office 
of The Times newspaper, and it was announced in that journal, 
on the 28th of November, 1614, that the sheet' which vras then 
plEioed. in the hands of the reader, was the first printed by Bteem- 
impelled machinery. 

By Qm, with some improvements which the apparatus received 
soon afterwards, the effective power of the printing-press was 
aogmented in a very high proportion. With tha hand-presses 
prsvioinBly in use, not more, as we have seen, than 250 sheets. 
oonld -be printed on one side in an hour. Each of the two 
mnohiQes erected at The Timea office produced 1800 impressions 
per-honr. 

24. Fnrthcv Improyemeiit— The power of the printing- 
maohine oonstmoted uptm tbis principle was aoon after aug- 
manted, l^ iiiorennng the number of Qriati.ng-«^^<&.<an Vi 

Iiijuijm's JfrsHUK or Sonarcw. o VI- 

JPa las. ' 
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foTur, the principle of the maohiney however, Temaining the 
same. 

The maimer in which this was aooomplished will be easily 
understood by the aid of the illustrative diagram, fig. 9, where 1, 
2, 3, and 4, are the printing-cylinders : p p p' p', are the tables 
of tiie fonr layers-on, and o o o' o', lead to those of tiie four 
takers-o£ The coarse followed by the sheets of paper, in passing 
to and from the cylinders, are indicated by the arrows. Inking 
rollers are in this case placed at K, between the printing- 
cylinders ; the two type-forms are inked twice, while they more 
from right to left, and twice again while they move from left to 
right. The printing-cylinders are alternately let do'^m upon the 
tjrpe and raised from them in pairs ; while the type-table moves 
from left to right, the cylinders I and 3 are in contact with the 
table, the cylinders 2 and 4 being raised from it, and, on the 
contrary, when it moves from right to left, the cylinders 2 and 
4 are in contact with it, 1 and 3 being raised from it. 

By this improvement, which was adopted in ITie tKmes office 
in 1827, the proprietors of that journal obtained the power, then 
imprecedented, of printing from 4000 to 5000 sheets per hour on. 
one side of the paper. By this means they were enabled to 
satisfy the demands of a circulation amounting to 28000. 

In reference to newspaper-printing, it must be here observed 
that the great object to be attained, is to increase the celerity by 
which printing on one side only of the sheet can be augmented. 
It is found convenient so to arrange the letter-press that the 
matter appropriated to one side of the sheet shall be ready for 
press at an early hour, and may be printed before the oontents of 
the other side, in which the most recent intelligence is included, 
can be prepared. Hence the advantage of using maohinea 
adapted to print one side only with the most extreme oelerily Ibr 
newspiEipers. 

25. ** Times" Printinp-maohine. — ^This machine eontiniied to 
serve the purposes of The Times newspaper xmtil a later epodh, 
when again the exigencies of the press exceeded even its immoue 
powers, and another appeal was made to the inventive genius of 
Mr. Applegath. It was, in short, necessary to provide a maohine 
by which at least 10000 sheets an hour could be worl^ed off from 
a single form I 

In considering the means of solving this problem, it is neces- 
sary to observe, that whatever expedient may be used, the sheets 
of paper to be printed must be delivered one by one to the 
HMflh ine by an attendant. After they once enter the machine 
ied through it and printed by self-acting machinery. 
d sheets so large as those of the newspapers, it is 
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The Yoses and skeletons were found at different depths and 
differently disposed. In some cases the yases alone were found, 
as at (2 ; in o&ers, the skeletons without, in others, included in 
sarcophagi ; hut in all cases the skeletons were accompanied hy 
Yases. 

9. The Ahh6 Mazzola maintains, that notwithstanding the pre- 
sence of pumice stone in the second stratum, it cannot he regarded 
as the direct result of volcanic action. He concludes that the supcr- 
Hcial stratum of fertile earth is of comparatively recent formation, 
and that at a remote epoch the second stratum of terra maschia 
mnst have heen superficial. Now, as the deposition of the hodies 
and vases under the terra masdiia must have preceded the com- 
mencement of the formation of the present superficial stratum of 
Vegetahle soil, and as the formation of this stratum must have 
occupied a long succession of ages, he argues that the vases found 
below the terra maschia must have a date long anterior to that of 
Homer. He adds*, in support of this inference, that these vases 
Tepresent scenes which have never heen alluded to, or descrihed 
hy Homer or succeeding poets, such as the combat of Neptune 
and Ephialtes ; that these skeletons found at Nola are always 
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found that they cannot be delivered with the necessary preoision 
by manipulation at a more rapid rate than two in five seconds, or 
• twenty-five per minute, being at the rate of 1500 sheets per hour. 
Now, in this manner, to print at the rate of 10000 per hour, 
would require seven cylinders, to place which so as to be acted 
upon by a type- form moving alternately in a horizontal frame, 
in the manner already described, would present insurmountable 
difficulties. 

In the face of these difficulties, Mr. Applegath, to whom the 
world is indebted for the invention of The Times printing- 
machine, decided on abandoning the reciprocating motion of the 
type-form, arranging the apparatus so as to render the motion 
continuous. This necessarily involved circular motion, and 
accordingly he resolved upon attaching the columns of type to 
the sides of a large drum or cylinder, placed with its axis ver- 
tical, instead of the horizontal frame which had been hithert6 
used. A large central drum is erected, capable of being turned 
round its axis. Upon the sides of this drum are placed yertii- 
oally the columns of type. These columns, strictly speakings 
form the sides of a polygon, the centre of which coincides "witii 
the axis of the drum, but the breadth of the columns is so small 
compared with the diameter of the drum, that their surfaces 
depart very little from the regular cylindrical form. On another 
part of this drum is fixed the inking-table. The oircumferenoe 
of this drum in The Times printing-machine measures 200 inoheSy 
and it is consequently 64 inches in diameter. 

The general form and arrangement of the machine are repre- 
sented in fig. 10, where d is the great central drum which carries 
the type and inking tables. 

This drum in The Times machine is surrounded by eight 
cylinders, b, b, &o., also placed with their axes vertical, upon, 
which the paper is carried by tapes in the usual manner. Each 
of these cylinders is connected with the drum by toothed-wheels, 
in such a manner that their surfaces respectively must neces- 
sarily move at exactly the same velocity as the surface of the 
drum. And if we imagine the drum, thus in contact with these 
eight cylinders, to be put in motion, and to make a complete 
revolution, the type-form will be pressed successively against 
each of the eight cylinders, and if the type were previously 
inked, and each of the eight cylinders supplied with paper, eight 
sheets of paper would be printed in one revolution of the drum. 

It remains, therefore, to explain, first, how the type is eight 
times inked in each revolution ; and, secondly, how eaoh of 
the eight cylinders is supplied with paper to receive their 
impression, 
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Christ, Eind to later dat«s. Speoimcna of diese were alreadf rare 
and mnoli prized in the time of Julins Cieear. 

Among the most admired and interesting of these may be men- 
tioned the celebrated cup of Arcesilaus. This vase is represented in 
planinfig. 11, (p, 113), and in elevation in fig, 12, It is preserved 
in the Bibliothk[ue Itofole, now (December, 1S53) Imp&iole. Its 
lieigbt is 10 inches, and its diameter II inches. 

This cup which was found at Vulci (Camino), ta Etniria, 
tepreaenta Aroesilaos, King of Cyrene, seated on the deck of a. 
TCMel, the Drew of whidi are engt^ed, under his superin- 
tendence, in weighing baskets of asaftetida, and depositing them 
m the hold. 

This vase is considered to be the work of Cyrenian potters 
contemporary with Findar. 

13. The names of about forty of (he most celebrated potters of 
Greece have been recorded in the works of philosophers, historians, 
and poets. Among these the following may be mentioned : — - 

DiBTTTABES, of SiCTON, whose works were broi^ht to Corinth, 
irhere they were preserved. The epoch at which this potter 
ftonriebed is unknown - 

Cob<ebt;b, of Athens, fionrished in' the time of Cecrops, fifteen 
centimes befi)te Christ. He was reputed t« have been the 
inventor of pottery. It will, however, be shown hereafter that 
this art was practised in the East at least a thousand years 
eariier. 

Taxos, tlie son of Febdix, sister to D^dalvs. This personage 



THE PRINTI^"G PRESS* 

them. As the inking-table attached to the revolying dram 
passes each of these ductoj-rollerS) it receives from them a coating 
of ink. It next . encounters the inking rollers, to which it 
delivers over this coating* The types next, by the continued 
revolution of the drum, encounter these inking rollers, and 
receive from them a coating of ink, after which they meet the 
paper-cylinders, upon which they are impressed, and the printing 
is completed. 

Thus in a single revolution of the great central drum the 
inking-table receives a supply eight times successively from the 
ductor-rollers, and delivers over that supply eight times succes- 
sively to the inking rollers, which, in their turn, deliver it eight 
times successively to the faces of the type, from which it is con- 
veyed finally to the eight sheets of paper held upon the eight 
cylinders by the tapes. 

Let us now explain how the eight cylinders are supplied with 
paper. Over each of them is erected a sloping desk, A, A, &c., 
upon which a stock of unprinted paper is deposited^ Beside this 
desk stands the layer-on, who pushes forward the^ paper, sheet 
by sheet, towards the tapes. 

These tapes, seizing upon it, first draw it down in a vertical 
direction between tapes in the eight vertical frames, until its 
edges correspond with the position of the form of type on the 
printing-cylinder. Arrived at this position, its downward motion 
is stopped by a self-acting apparatus provided in the machine, 
and it is then impelled by vertical rollers towards the printing 
cylinder, these rollers having upon them marginal tapes which 
carry the paper round the cylinder, from which it receives the 
impression of the types. After this the central and lower margiijial 
tapes dismiss the sheet of paper, which the upper ones only become 
charged with, and carry it to its proper place, where the tapes are 
stopped with the paper suspended between them, until the taker- 
off draws the sheets down, ranging them upon his table. These 
movements are continually repeated ; the moment that one sheet 
passes from the hands of the layer-on, he supplies another, and 
in this manner he delivers to the machine at the average rate of 
two sheets every five seconds ; and the same delivery taking place 
at each of the eight cylinders, there are sixteen sheets delivered 
and printed every five seconds. 

It is found that by this machine in ordinary work between 
10000 and 11000 per hour can be printed ; but with very expert 
men to deliver the sheets, a still greater speed can be attained. 
Indeed the velocity is limited, not by any conditions affecting 
the machine, but by the power of the inen to deliver the sheets 
to it 
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. In case of any misdeliyery a sheet is spoilt, and, oonsequently, 
the effective performance of the machine is impaired. If, how* 
ever, a still greater speed of printing were required, the same 
description of machine, without changing its principle, would 
be sufficieut for the exigency; it would be necessary that the 
types should be surrounded with a greater number of printing 
cylinders. 

It may be right to observe, that the cylinders and rollers are 
not uniformly distributed round the great central drum ; they are 
so arranged as to leave on one side of that drum an open space 
equal to the width of the type form. This is necessary in order 
to give access to the type form so as to adjust it. 

One of the practical difficulties which Mr. Applegath had to 
encounter in the solution of the problem, which he has so success- 
fully effected,, arose from the shock produced to the machinery by 
reversing the motion of the horizontal frame, which, in the old 
machine, carried the type-form and inking-table, a moving mass 
fvhich weighed twenty-five hundred weight. This frame had a 
motion of 88 inches in each direction, and it was found that 
such a weight could not be driven through such a space with 
safety, at a greater rate than about forty -five strokes per 
minute, which limited its maximum producing power to 5000 
sheets per hour. 

Another difficulty in the construction of this vast piece of 
machinery was so to regulate the self-acting mechanism that the 
impression of the type-form should always be made in the centre 
of the page, and so that the space upon the paper occupied by the 
printed matter on one side may coincide exactly with that occu- 
pied by the printed matter on the other side. 

The type-form fixed on the central drum moves at the rate of 
about 80 inches per second, and the paper is moved in contact 
with it of course at exactly the same rate. Now, if by any error 
ifiL the delivery or motion of a sheet of paper, it arrive at the 
printing-cylinder l-80th part of a second too soon or too late, the 
relative position of the columns will vary by l-80th part of 80 
inches— tiiat is to say, by one inch. In that case the edge of the 
printed matter on one side would be an inch nearer to the edge of 
the paper than on the other side. 

This is an incident which rarely happens, but when it does, a 
sheet, of course, is spoilt. In fact, the waste from that cause is 
considerably less in the present vertical machine than in the 
former less powerful horizontal one. 

• The vertical position of the inking-rollers, in which the type is 
only touched on its extreme surface, is more conducive to th e ^ 
goodness of the work than the horizontal machine^ '^bftx^ ^Nfl 
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inking-roUers act by gravity ; also any dust shaken out of the 
paper, which formerly was deposited upon the inking-rollers, now 
falls upon the floor. 

With this machine 50000 impressions have been taken without 
stopping to brush the form or table. 

'. 26. Maririoni's If ewipi^per Printing^-preM. — ^Messrs. Maiinoni 
and Co., of Paris, have, within the last few years, constructed 
improved printing presses for newspapers of large circulation, 
several of which have been erected and brought into operation in 
the printing-office of the Paris journal La Presse, This printing- 
inachine, which is capable of working off 6000 copies per hour, 
printed on both sides of the paper, is represented in fig. 11. It 
wiJl be perceived that eight men are employed in the process, four 
layers-on and four takers-off. The machine is double, the parts 
at each side of a vertical line drawn through the axis of the fly- 
wheel being perfectly similar. The manner in which the sheets 
pass to and from the printing-rollers will be more readily under- 
stood by fiig. 12, where a is the upper and a' the lower delivering- 
board, and B the upper and b' the lower receiving-board on the 
right, the two delivering and receiving-boards on the left being 
Similarly placed. The motion of the sheets, as they are conducted 
to and froto the rollers by the tapes, is indicated by arrows, and 
the course followed by each sheet from the moment it leaves the 
delivering-board until it arrives at the receiving-board, is indi- 
cated by the numbers 1, 2, 3, 4, &c. Thus, the sheet delivered 
from the board a is taken by the tapes which pass round the 
roller h, and carried from 1 to 2. Arriving at the lower roller, it 
passes, as shown by the arrow, between the rollers, 3, and is 
carried from 4 under the printing-roller i, where it is printed on 
one side, after which it is carried up between the tapes to 5, from 
whence it is discharged between the tapes 6f 6, and carried up 
over the roller n at 7, from which it is carried down between the 
tapes 8, and thrown, as shown by the arrow, to the tapes 9, by 
which it is again carried under the roller and printed on the other 
side ; after which it is carried up successively between the tapes 
10 and 11 to 12, and finally discharged from 13 at 14 upon the 
receiving-board b. 

The sheet delivered from the lower receiving-board a', follows 
a course precisely similar, entering at V and passing round the 
printing-roller at 2' 3', from which it passes between the tapes 4' 
round the roller r' at 5' 6', and thence from the tapes T S' round 
the printing-roller i' at 9', by which it is printed on the other 
side ; after which it is carried by 10', 1 T, 12' to the lower receiving- 
board b' at 13'. 
The inking-rollers are shown at e p d and J>', and are arranged 
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in the usual manner^ at t, t', i^, i''', and i"", to spread the ink on 
the lypes* 

It will be perceived that the power of this press is equal to that 
of The Times, the difference being that The Times prints 12000 
sheets on one side only, while this prints 6000 on both sides. The 
Times maohine requires eight layers-on and eight takers-off, being 
double the number required by Marinoni's press. It must, how- 
ever, be observed that, in the practical management of newspaper 
printings as conducted in The Times office, the power of Marinoni's 
press, though in a certain sense equal to that of The Times, would 
be altogether insufficient; for it is indispensably necessary for 
that journal to print 60000 copies on one side of the paper during 
the last five hours of the morning. The matter allotted to the 
other side of the paper is so selected that it can be composed and 
printed in the earlier part of the night, or even of the previous 
day; the pressure falling exclusively on the matter which occupies 
the other side of the paper, consisting chiefly of the latest intelli- 
gence and Parliamentary reports. 

It may be asked, therefore, how the journal of Za Presse, of 
which the dreulation, though inferior to that of The Times, is ' 
still very large, can be printed with the necessary celerity ? The 
answer is, that Za Presse does not contain as much as the tenth 
part of the letter-press of a copy of The Times, and that therefore, 
it is found practicable to compose the matter in type twice or 
oftener, so as to produce two or more distinct forms, as they are 
called, whioh are put to work at as many different presses. The 
expense of composition is further economised at the printing office 
of Za Presse by stereotyping the matter, which is composed at a 
sufficiently early hour to admit of that process, the stereotype 
plates being melted down the next day. By this expedient double 
or triple composition is only necessary for the intelligence which 
comes too late to allow of being stereotyped. 

27. Marinoni'ii Book-printing Machine.— A convenient form 
of printing-engine for books, constructed by the same engineers, 
is shown in fig. 13, by which, however, the sheets are printed 
on one side only. The layer-on delivers the sheets upon the 
board H (fig. 14), from which they pass round the printing 
roller i, and are discharged as indicated by the arrow upon the 
receiving-board B. The rollers for delivering and spreading the 
ink on tibe types are arranged in the usual way. 

28. Newspapers.— Of all the applications of printing to the 
uses of life, tiiat which has conduced most to the advancement and 
improvement of the art has been the printing of newspapers. 
These organs of public opinion and intelligence combine the con- 
ditions which require from the printing press the greatest con- 
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yielding to its motioii at the othec end. After each impulse the 
strap is loosened and restored to its first portion on the edge in 
Older to repeat the impnlse. The strap is prevented from slipping 
over the Burfaoe of the edge of the wheel by pins or pointa pro- 
jeoting from its auriace. 

The potter places the paste to be formed into the deaired article 
on the head of the wheel, and shapes it with his hands and 
fingers. 

Another man is represented currying away the fiwshed articles 
to the oven. 

5. The ovens and the prooess of haking are represent«d in fig, 21. 
A man in a shed on the left is employed in placing the articlea to 
be baked in cyliudrioal oases of baked earth, which correspond to 
those which our potters call SAOOEBS. 

An empty oven is represented at a, where a man receives the 
saggers filled with the articles to be baked, and arranges them in 
the oven. "When the oven is thus filled it ia closed by brickwork. 
A second oven thus filled, and bricked up, is represented at C. 

The fire doors or feeding montha of the furnaces, by vhich the 
ovena are heated, appear at n, and the openings for the escape of 
smoke and the products of the combwition ere represented at 
a, b, and «. 
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The Chinese ovens nied at the present lime do not differ much 
in form or airangement from those designed and described by 
Entrecolles in the beginning of the lost centiuy. M. Chavagnon, 
who witnessed their performance at a recent period, says that the 
constmction of the flnes is so well managed, that the distribution 
of the heat is sensibly uniform, the ovens such as A, which are most 
remote from the furnace, being ta effeotually heated, and the 
articles in them as well baked, as those, sach as c, which are 
nearest to it. 

6. The first attempts made in Europe to fabricate a hard earthen.' 
ware covered with a glaze, are ascribed to the Moors of the Spanish 
Peninsnla. After this, a manufacture upon a large scale, was 
established in the Balearic Isles ; and the wares originally pro- 
duced there, and subsequently reproduced in Italy, acquired the 
name Majoliai, being a corruptiDn of Majorica or Majorca, the 
principal island of the Balearic group. 

7. The first of the improvers of this art after its importation into 
the Italian peninsula, was Lucca della Bohbia, a !Elorentine sculp- 
tor, whose name has thus become inseparably associated with the 
history of this ornamental industry. This celebrated artist, bom 
in 1388, died prematurely in his forty-second year. He left, never- 
theless, an immense number of works, which have come down 
to the present times, and are highly prized. 

He was succeeded by his brothers and their descendants, all 
of whom continued, for nearly a century and a half, to practise 
the art on a large scale, so that it mnst be always diJHault, 



THE potter's art. 

if indeed it be possible, to ascertain what are tbe genuine works 
of the great artist, and to distinguish them from those of his 
family, some of whom worked under and with him during his 
lifetime. 

The productions of this family of artistic potters are formed of 
a paste, consisting of about 50 per cent, of silica, combined with 
15^ per cent, of alumina and 22^ per cent, of lime, with small 
proportions of carbonic acid, magnesia, andiron. The decorations 
were figures in relief, variously coloured with yellow, produced 
by lead and antimony, a dark opaque blue, the green produced 
by copper, and a bad violet produced by manganese. The art 
of producing colours by means of gold was not then known in 
Europe. 

8. In fig. 22 is represented an altar-screen by Lucca dclla Kobbia. 
This consists of four pieces and two pilasters. The ground is a 
fine azure blue; the figures are white; the fruits, cup, &c., in 
gold-yellow, and the garlands green. The thickness of the 
earthen ware or faienge, of which it is composed, is little more 
than an inch and an half. This piece is preserved in the Cabinet 

SiLirVAGEGT. 

9. The paste used at this epoch not having the whiteness of the 
finer porcelain, the articles fabricated were covered with an 
opaque glaze of some particular colours, by which the coarse and 
ill-coloured grouind of the porcelain was concealed. The process 
by which these opaque glazes were produced was nearly the same 
as that by which the transparent and colourless glazes of the 
present day are produced. The baked article, which before it is 
glazed is called biscuit, is submerged in a vessel containing the 
vitrifiable matter, mixed with such a proportion of water as to give 
it a creamy consistency. After immersion, a coating of this 
liquid adheres to the surface. The water wliich holds the vitri- 
fiable substance in suspension is partly imbibed by the material of 
the vessel. The vessel, thus coated, is placed in an oven, and 
again exposed to the action of heat of sufficient intensity to vitrify 
the coating with which it is invested, so that, when withdrawn 
from the oven, the coating is converted into a coloured and opaque 
glass, and the vessel is glazed. Sometimes the article, before 
being baked, was covered with a coat of earthy matter, not 
vitrifiable but opaque, by which the coarse surface of the paste was 
concealed, and this coat being hardened in the oven, a transparent 
glaze was put over it. 

10. The majolica ware of Italy was in its most fiourishing state 
from 1540 to 1560. It was during this interval that the finest 
table-services were produced. The chief places of its fabrication 
were Castel Durante and Florence; but its celebrity and the 
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general taabs for it incTeasing, all the principal Italian cities 
piodnoed it, and all the moat renowned artists, including Baphael 
himself, supplied designs for it, which potters scarcely less 
renowned, executed. 

It has been often stated that Raphael himself worked at this 
art. Snob, however, was not the fact. The Duke of Tusconj-, 
Qnidohaldo II., who extended to this art the most mogmficent 
patroDOge and enoouragement, procured designs £rom Rapliael and 
his pupHs, which he gave to the potters wliom he had eatablidhed 
at Fesaro to execute ; and it happened that among the most 
ddlfiil of the decorators of theM potteries there were two who 
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bore the name of Raphael. Hence the productions were said to be 
those of Raphael ; and, at a later period, those who were unac- 
quainted with these circumstances concluded that they were the 
immediate work of the celebrated painter. 

11. It was at this time that the celebrity of such productions, and 
the universal admiration which they excited, produced the custom, 
continued to the present time, of offering them as royal presents 
by sovereign to sovereign. The Duke Gxddobaldo caused to be 
executed at Pesaro magnificent services, which he presented to 
sovereigns and other eminent personages. The splendid service is 
especially mentioned which he presented to tlie Emperor Charles V., 
made by Taddeo Zucarro and Battista Franca, under the direction 
of the brothers Flaminio and Orazzio Fontana. 

Nothing was omitted which could enhance the interest and 
increase the excellence of those productions of artistic industry. 
To genius, talent, skill, and care, were imited the researches of 
erudition, and the counsels of taste, to impart to them the greatest 
attainable perfection. 

12. This high excellence was sustained so long as the art was 
protected and fostered by royal patronage. The time was not yet 
arrived when the patronage of the public was more advantageous 
than that of the sovereign ; and after the decease of Guidobaldo 
and Orazzio Fontana, the art being left to the unaided influence 
of the public demand, it became necessary to meet that demand 
by low-priced and, therefore, inferior articles. The taste accord- 
ingly declined with the excellence which excited it, and the 
Italian majolica gradually but speedily lost its reputation. 

About 1772, Cardinal Stoppani attempted to revive it at tJrbino, 
and some temporary effect was produced about 1775, but it was 
only temporary. It is probable that the importation of Chinese 
porcelain into Europe, which was simultaneous with the deca- 
dence of majolica, may have had some influence in producing that 
result. 

13. The epoch of della Robbia in Italy was followed by that of 
Bernard Palissy in France. This eminent potter was bom at 
La ChapeUe-Biron, a small village of the Perigord, about 1510, 
and died in 1589. 

Although he was the author of many published works, and one 
upon the art which he practised with so much success, he has left 
no available information respecting his processes. His desire 
seems to have been exclusively to leave to the world a record of 
the unparalleled difficulties he encountered, the sacrifloes he 
made, the sufferings he endured, and the obstinate perseverance, 
amounting, it must be admitted, to a sort of heroism, which he 
displayed in the attainment of his objects. In his experiments, 
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whicli were contmued for a long period of time) and pursued with 
an admirable patience, lie expended all that he was worth, even 
to the sale of his furniture and wardrobe. 

Palissy had the weakness and ignorance so common with prac- 
tical men, of inveighing against theory, yet ia the only work 
which he has left on the subject of his art, he has not only been 
sparing, obscure, and mysterious in his practical details, but has 
mixed them up with theories of his own which only prove how 
much painful toil, how many abortive experiments, and how great 
an exponditure he would have been spared, had he condescended 
to consult those who were qualified to inform him of the true 
principles of physical and chemical sciences applicable to his 
researches. 

14. The character of this great improver of his art was strongly 
marked, not only by patience, . perseverance and sagacity, in the 
pursuit of his purposes, but by eminently high moral firmness, and 
imshaken rectitude. No example can be found of one to whom 
the well-known lines of the Roman poet are more truly applicable : 

'* Justum ac tenacem propositi yirum, 
Non civium ardor prava jubentium, 
Non yiiltns instantis tyranni 
Mente qaatit solida." — Horace. 

** The man, in conscious virtue bold, 
Who dares his secret purpose hold, 
Unshaken hears the crowd's tumultuous cries, 
And th' impetuous tyi-ant's angry brow defies." 

Francis. 

15. Palissy was a conscientious Protestant, and did not hesitate 
publicly to avow and express his opinions even in his discourses 
on subjects of his art. By this boldness and indiscretion, he was 
in his ninetieth year dragged before tho ecclesiastical authorities, 
and refusing peremptorily to renounce his opinions, or to retract 
his expressions, he was thrown into the Bastille. He was visited 
there by the King, Henry III., who wished to liberate him, when 
the following memorable colloquy took place between the monarch 
and the manufacturer : 

**My good man," said the king, "if you cannot conform 
yourself on the matter of religion, I shall be compelled to leave 
you in the hands of my enemies." — " Sire," replied the old man, 
" I was already willing to surrender my life, and could any regret 
have accompanied the action, it must assuredly have vanished 
upon hearing the great King of France say * I am compelled.' 
This, sire, is a condition to which those who force you to act 
contrary to your own good disposition can never reduce me; 
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because I am prepared for death, and because your whole people 
havo not the power to compel a simple potter to bend his knee 
before images which he has made." 

Palissy, to the eternal disgrace of the monarch and the priests, 
was detained in the Bastille, where he died at little short of a 
hundred. 

16. The works of PaUssy are characterised by a peculiar style and 
qualities. While the forms are in general correct and pure, there 
is no painting properly so called. The figures are given in coloured 
relief, whether they be mere ornaments, representations of ^latural 
objects, or historical, mythological, or allegorical subjects. The 
■enamel is hard and brilliant, but often disfigmed by a multitude 
of small inequalities ; a defect which is also observable in the pro- 
ductions of the Grerman potters of that day. The colours are 
generally brilliant, but little varied. The white is yellowish, and 
very inferior to that of della Kobbia. The other tints are confined 
to a pure yellow, an ochre yellow, a fine indigo blue, a greyish 
blue, an emerald green, a yellowish green, the violet produced by 
manganese, and a brownish violet. They included no fine white, 
nor any tint of red. 

The bottoms of the articles are generally marbled with tints of 
blue, yellow, and brownish violet. 

In ^. 23 is represented a porcelain fiask (Bouteille de Chasse), 
attributed to this potter, preserved in the Cabinet Sauvageot, It is 
oval in form, the largest diameter being 10^ inches, and bears the 
Montmorenci arms. Palissy was employed by the Due de Mont- 
morenci to decorate the Ch&teau d* Ecouen* 

The natural objects represented on the pieces of Palissy, are 
remarkable for truth of form and colour, having been, with the 
•exception of certain leaves, moulded &om nature. It would appear 
from the selection of this class of decoration that Palissy was more 
or less a naturalist. The shells with which he has ornamented many 
of his pieces are all tertiary fossil shells from the Paris basin, and 
probably also that of Grignon and its environs. The fishes are 
those of the Seine, and the reptiles, a prevailing subject, those of 
the banks of the same river. 

Most of the pieces, and especially the dishes and plateaux, are 
surcharged with objects in coloured relief^ and evidently were 
never designed for tiie table, but were used to famish the great 
buficts and sideboards called Dbessebs, which were placed in the 
•dining halls of that day. 

The productions of this potter must have been extremely 

numerous, for they are still found in great quantities in the 

cabinets and collections, public and private, and with the vendors 

of antiquities and curiosities of all countries* The varieties of 
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form and design, however, bore no proportion to the number of 
ortioleB produced, and we aocordingly find a limited number of 
forms and patterns, indefinitely repeated in the extant coUections. 

17> An oval phiteau bigUy decorated in relief by this potter is 
represented in flg. 24. This piece is well known to amatenrs 
under the name of the dish of the fair garden-girl, plat de la 
£tUt Jardimfre, The decorations, coloured yellow and green, are 
in low relief. The bottom is sealed green and reddish yellow. 
This piece is in tlie eelleotion Sanrageot. 

18. Between the middle of the seventeenth century and its close 
commenced the manu&ctnre of the fine earthenware, which, 
witliont attaining the exoeUenoe of porcelain, constituted a great 
improrement on the preTions products of this industry. This was 
owing partly to the discovery of a white plastic day as a sub- 
fltitute for tiie reddish clay previously used in FraiLoe, Germany, 
and Italy, which rendered it possible to use a colourless trans- 
parent glaze instead of the opaque coloured glaze, which bad 
been pieviontly used. Besides this, there were numerous improve- 
ments made in the details of the manufacture by the potters who 
established themselves in Stafibrdshire, and gave celebrity to the 
extensive district since known as the Potteries. 

Th» ealablishment of this industry in Stoffordahire originated 
' e of atrata of good plastic day being found 
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Tlie chief town of the distriot, Bunlem, is supposed to derive 
its name from two Saxon words, Boair or Btih, a. tlream or a 
farm, and L(Eii, day. If this be the origin of the name, it would 
foliow that the fabrication of earthenwate in that distriot must 
have prevailed since a very remote epoch. 

19. About 1680, Messrs. Palmer and BagnaU, potters at Burslem, 
discovered accidentsllf the property of marine salt, by which it 
supplied a glaze. In some cnlinaiy process, salt being lirown 
into the fire ita vapour eame is contact witb the biscuit of an 
unglazed article, eikd was observed to have the effect of giving it a 
glaze. The expedient was tried in the mmiu&ctare, and suc- 
ceeded. The salt, when vaporised, coming in contact with the 
unglazed ware, was decomposed by the siUoa which formed bo 
la^e an ingredient of file paste, and lie soda deposited combining 
with the siiioa produced the glaze. 

It was about this time that the brothers Elers of Nuremberg 
inunigrotad to England, and erected a small iactory in Stafibrd- 
shire. There were then no more than twenty-two ovens at 

20. The Messrs. Elers hod not long been lierc befbre they dis- 
covered in the neighbourhood a bed of clay of very superior 
quality, and, erecting upon the spot itself a factory, tosorted to 
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extraordinary and curious measures to keep in profound secrecy 
their materials and tbeir processes. With this view they not only 
excluded most rigorously from their works all visitors whatever, 
but selected for their operatives the most stupid and ignorant 
persons they could find, and so divided the labour that no one 
individual possessed more knowledge than that of the very process 
at which he was employed. These precautions were, however, of 
little avail. The stimulus of profit and the spirit of enterprise 
are not to be repressed by such shallow expedients. A workman 
named Twyford imposed upon them by affecting indifference to 
the art, aud managed to get admitted to their employment. He 
soon ascertained some of their secrets, but it remained for another 
more astute aud persevering person to discover all the details of 
their processes. An individual named Astbury, appreciating the 
importance of the manufacture, and foreseeing the profits likely to 
arise from it, decided on adopting a course and persevering in it, 
which, as he imagined, and as proved by the event, would lead to 
a complete discovery. He affected the manners of an idiot, 
deceived them, and got into their employment, and was adroit 
enough to sustain the deception for several years, imtil he became 
complete master of their secrets. After this, the Messrs. Elers 
left Staffordshire in apparent disgust, and settied m London, 
where, at a later period, they were probably instrumental in 
establishing the well-known porcelain works at Chelsea. 

21. One of the ingredients of fine pottery is silica, or the earth of 
fiints. The circumstance which led to the application of this 
substance to the 'art is thus related : — ^Mr. Astbury, the son and 
successor of him who gained the knowledge of the Elers's secret by 
feigning idiocy, being on his road to London, and making the 
journey on horseback, was stopped at Dunstable in consequence of 
his horse being attacked with a malady of the eyes. The inn- 
keeper at whose house he put up advised him to apply a poultice 
of calcined flints. Astbury observed that the flints, which before 
calcination were black, and semi-transparent, were by this process 
of calcination converted into a white opaque substance. It 
occurred to him that he might by like means bleach the clay of 
which the pottery was made, and which was reddish in its colour', 
by mixing with it more or less of the matter thus whitened in the 
fire. He accordingly realised this idea with complete success, 
and silica or the earth of flints became thenceforward a necessary 
ingredient of the paste. 

22. Among the improvers and inventors of this' epoch the most 
memorable was Josiah "Wedgwood, whose name has since become 
so inseparably connected with this branch of the national 
industry. 
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This celebrated potter, bom at Burslem in 1730, was tbe son of 
Thomas "Wedgwood, who followed the same business. The edu- 
cation of Josiah must necessarily have been limited to reading and 
writing, for at the early age of eleven years he worked at the 
wheel in his father's pottery. 

After being united in partnership for short intervals with 
Messrs. Harrison and Whieldon, he commenced working on hi& 
own account in a little thatched building, in 1760. He soon 
extended his works, erecting another small manufactory called the 
"Bell "Works," from the fact, then unusual, that the workmen 
were assembled and dismissed by a bell. It was here that he 
commenced the fabrication of the cream-coloured ware, with a 
plombiferous glaze, which afterwards became so celebrated, and 
which being approved and patronised by Queen Charlotte, consort 
of George III., was called QaeevCs vmre^ and procured for 
"Wedgwood the appointment of potter to the Queen. 

"Wedgwood was esteemed as much for his public spirit and 
private virtues as for his industrial enterprise and skill. It was to 
him was chiefly due the construction of the canal connecting 
the Trent with the Mersey, commenced in 1760, and completed 
in 1777. 

His fortune being increased by inheritance as well as by his 
commercial success, he purchased the estate called Eidge House, 
where he established, in 1770, his manufactory of black ware. 

It was here also that he erected the noble mansion which 
became his family residence, and the surroimding village called 
Eteukia, where he established his principal works, having^ 
removed from Burslem in 1771, and where he accumulated that 
princely fortune, which he devoted to so many noble and cha- 
ritable uses. The name conferred on this establishment, and the 
industrial village created around it, was taken from that of one 
of the ancient Italian states, which had attained a high celebrity 
for the tasteful forms of its potteries. 

He died at Etruria, in 1795, at the age of 64. 

The effects of the genius and perseverance of this prince of 
manufacturers were not limited to the improvement of the mere 
]^rocesses of fabrication. His efforts were directed with not less 
success and effect to the improvement of forms and decoration. 
He resolutely rejected the uncouth and distorted shapes which 
had till then prevailed, and replaced them by forms at once pure, 
simple and elegant. He availed himself of the collection of 
ancient vases, which Hamilton had brought from Italy, and took 
his models from them. He substituted for the vulgar style of 
ornament which had been tiU then exclusively adopted, decora- 
tions characterised by a severe taste, and, like the earlier potters 
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of Tuscany, lie called to his aid the greatest living artists, procur- 
ing designs from, the celebrated Flaxman, according to which he 
fabricated his improved wares. This system has been continued 
by his son and successor. 

Wedgwood was as remarkable for enlightened liberality in his 
private character as for well-directed enterprise as a manufacturer. 
An example of his munificence was lately mentioned in one of the 
leading journals, which we cannot pass without mention here. 
The family attracted around them men of genius in literature 
and art, among whom were Sir James Mackintosh, his brother-in- 
law, Mr. Stuart, then editor of the Morning Poatf Coleridge, 
Southey, and others. In the beginning of lt98, Coleridge 
received an invitation to accept the functions of minister to the 
Unitarian congregation at Shrewsbury. Thomas Wedgwood hearing 
of this wrote to him to dissuade him from taking such a step, 
considering it to be adverse to the prosecution of literary works, 
in which he was likely to found a great reputation, and to confer 
a great benefit on society ; and that no immediate pecimiary exi- 
gency should force him to accept the proposition he enclosed a 
cheque for an hundred pounds. Coleridge, however, considering 
that the Shrewsbury appointment opened to him for the first time 
in his life the prospect of a certain income and permanent esta- 
blishment, decided to accept it, and returned the cheque. He 
accordingly went to Shrewsbury, preached his probation sermon 
with general satisfaction to his flock, the afterwards celebrated 
William Hazlitt being one of his auditors. The Wedgwoods, 
however, sensible that the poet was misplaced, and would be lost 
to the world, again wrote to him, expressing that opinion, and 
proposed that he should at once relinquish his clerical charge, to 
which he was 'tmsuited, and with princely mimificence offered to 
place him at ease for the future by settling on him a life annuity 
of an hundred and fifty pounds. The offer was promptly and 
gratefully accepted.* 

Before the commencement of Wedgwood's labours the English 
potteries produced wares flimsy in their materials, grotesque in 
their forms, and utterly destitute of all correct taste in their 
ornamentation, being miserable copies of the Chinese procelain. 
Owing to the influence of the enterprise and genius of this eminent 
man, the style and character of the ceramic manufacture of the 
country was thoroughly reformed, so that not only have the pro- 
ductions of Staffordshire, Derbyshire, Worcestershire, London, 
and other places where this industry has been established, super- 
seded foreign goods in the home market, but they have spread over 

♦ Edinburgh Review, April 1848, p. 379. 
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the whole civilised world. M. Faujas de St. Fond, a foreign writer 
on this subject, says : — 

"The excellent workmanship of English porcelain, its solidity, 
the advantage which it possesses of sustaining the action of fire, 
its Sue glaze, impenetrable to acids, the beauty and convenience 
of its form, and the cheapness of its price, have given rise to a 
commerce so active and universal, that in travelling from Paris to 
St. Petersburgh, from Amsterdam to the furthest part of Sweden, 
or from Dunkirk to the extremity of the south of France, one is 
served at every inn upon English ware. Spain, Portugal, and 
Italy are supplied with it, and vessels are loaded with it for both 
the Indies and the continent of America.'' 
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CHAPTBE III. 

1. ImpToremente eCTected hj 'Wedgwood. — 2. Qenerul comnierclal adran- 
lagea attcDdiiig the mann&ctnrs. — 3. Histor; of ChineBe porceUiD. 
— 4. Its fnt importstjon into Europe. — 5. Qreat pUaticitj of Uia 
material. — 6. Ferfectioa of ita forma. — 7. Fagoda of NuiMd. — 
8. Forms of Tusee. — 9. Pignre called "poo-sa." — 10. DiMoverj of 
the material of poicelBJn in Emiipe. — II. Origin and history of 
BWtger. — 13. His labaare in Saiony. — 13. Anecdotes of his im- 
priaonment. — 11. la estaUiBhed at Dresden. — IG. First results of 
his lBlionr8.^16. White earth of Schnorr.— 17. Discovery of Saion 
Icaolin.^ — ^13. EatablishineiLt of the royal mano&ctoiy at MeiaBen. — 
Ifl. Cnrions preeantiona to ensure seoresy. — 20. Anecdote of 
Brongniart. — 21. Death of Bottler, — SS, AiialjHis of tlie Dresden 
psite.— S3. Style of the Dresden porcelain. — 21. tlrot«s<)ne figures. 
2S. Becrela tiana^in.— 26. lUngler it Hochat.— 27. Fan] Becker.— 
SS. Establishment of the Boyal BaTartan manotactorj. — 2il. In other 
Qerman states. — 30. laventioD of the S^res p^e tendre. — 31. Ita 

1. Akoho the principal improTementa for wliidi the aft is in- 
debted to the genius of Wedgwoud, may be mentioned — besides 
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the queen's ware — a terra cotta resembling porphyry, granite, 
Egyptian pebble, and other ornamental stones ; a black unglazed 
ware called basaltes, hard enough to emit sparks when struck with 
steel, and capable of receiving a high polish, of resisting acids, 
and of sustaining a high temperature ; a white unglazed ware 
having like properties ; a bamboo or cane-coloured ware of the 
same kind; a biscuit adapted to chemical purposes by reason 
of its hardness, its resistance to acids, its impenetrability by 
liquids; its incorrosiveness, and its' refractory quality when 
exposed to high temperatures ; and, in fine, for a production 
denominated Jaspeb, consisting of a white porcelainous biscuit of 
extreme beauty, having besides the properties of the basaltes 
above-mentioned, the quality of receiving from the application of 
metallic oxides colours which penetrate its entire thickness like 
those imparted to glass or enamel in fusion. This peculiar pro- 
perty, possessed by no other porcelain or earthenware body 
ancient or modem, renders it applicable to the production of 
cameos and all subjects which require to be shown in relief upon 
a ground of another and darker colour, the figures in relief formed 
with this biscuit being of the purest white. 

2. "We cannot give a more clear idea of the benefits conferred by 
this manufacture on our national industry than may be obtained 
from the following evidence, given by Wedgwood before a 
Parliamentary committee : — 

" Though the manufacturing part alone in the Potteries, and 
their immediate vicinity, gives bread to 15 or 20,000 people, 
yet this is but a small object when compared with the many others 
which depend on it ; namely, 1st, The immense quantity of inland 
carriage it creates throughout the kingdom, both for its raw 
materials and finished goods. 2nd, The great number of people 
employed in the extensive collieries for its use. Sfd, The still 
greater number employed in raising and preparing its raw 
materials in several distant parts of England, from near the Land's 
End, in Cornwall — one way along different parts of the coast, to 
Falmouth, Teignmouth, Exeter, Pool, Gravesend, and the Norfolk 
coast ; the other way to Biddeford, "Wales, and the Irish coast. 
4th, The coasting vessels, which, after having been employed at 
the proper season in the Newfoundland fishery, carry these 
materials coastwise to Liverpool and Hull, to the amount of more 
than 20,000 tons yearly ; and at times when, without this employ- 
ment, they would be laid up idle in harbour. 5th, The further 
conveyance of these materials from those ports, by river and canal 
navigation, to the Potteries, situated in one of the most inland 
parts of this kingdom; and, 6th, The re-conveyance of the finished 
goods to the different parts of this island, where they axe shipped 
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for every foreign market that is open to the earthenwares of 
England." 

Mr. Wedgwood very justly observed farther, that this manu- 
&cture is attended with some circumstanoes of advantage which 
are almost peculiar to itself ; viz. that the value of the finished 
goods consists almost wholly in the labour bestowed upon them ; 
that every ton of raw materials produces several tons of merchan- 
dise for shipping, the freight being paid, not upon the weight, but 
according to the bulk ; that scarcely a vessel leaves any of our 
ports whose lading is not in part made up of these cheap, bulky, 
and, for these reasons, valuable articles, to this maritime country; 
and that fully five parts in six of the aggregate manufactures of 
the Potteries are exported to foreign markets. 

3. While the potters of Europe were engaged with more or less 
success in the fabrication of an earthenware, which,* whatever may 
have been its merits, was formed of a paste coarse and opaque ; 
the fine porcelain, which attracted so much and so well merited 
admiration, was for a long period of time obtained exclusively 
from the East. 

Without insisting on the claims of the Chinese to the produc- 
tion of tins beautiful article at the epoclis of remote antiquity, 
which hp.ve been already referred to, there is sufficientiy con- 
clusive evidence that they possessed and practised the art hundreds 
of years before it was discovered in Europe or elsewhere. Thus 
it is certain that fine porcelain was made in China 163 B.C., and 
that its fabrication existed still in 442, a.d. 

The first porcelain oven, however, of which there are distinct 
and detailed historic records in China was called TAor-YAOU, and 
was situate at Chang-Nan in the province of Keang-si. Tributes 
of porcelain were sent from this factory to the court of Woo-tih 
in the year 630 a.d.* 

The celebrated works of King-Te-Tching, already mentioned, 
were not established until 1000 a.d. 

In the Ceramic Museum of Dresden are pieces of porcelain 
which bear dates from 1403 to 1425, from 1465 to 1488, and 1573 
to 1620, which are, therefore, spread over two centuries. The 
stationary character of the Chinese is remarkably indicated by 
the fact that the earliest of these specimens does not difier in the 
slightest degree from the latest, either in its mode of fabridation, the 
nature of its material, nor even in its colours or style of decoration. 

4. It was not until 1518 that the Chinese porcelain was brought 
to Europe by the Portuguese, and two centuries elapsed before any 
successfril attempt was made to fabricate it. In England this fine 

* Monison^s Chinese Dictionarv, paxt iU., p. 326, word '^ porcelain." 
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pottery was called China, from the place of its production, but 
on the Continent it was distinguished from the coarser sorts of 
pottery by the name porcelain; the origin of which is not 
certain, but which is supposed to be derived from the Portuguese 
word PoBCELLANA (a drinking cup). 

. Although the art of fabricating porcelain was thus late in 
reaching Europe, it extended from China to other adjacent parts 
of Asia, and especially to Japan, and even to Persia, at a much 
earlier period. 

o. The paste of which the oriental porcelain is composed is 
generally deficient in pure whiteness, having rather a grayish 
hue, while the glaze which covers it is greenish. It is hard, 
brittle, and stands the fire only with many precautions. It is 
not as translucent as the fine porcelain maniifactured in France 
and Germany.' 

That in its unbaked state it possesses the quality of plasticity 
in an extraordinary degree is rendered manifest by various 
circumstances. The process of the fabrication is one to which 
no material but the most plastic could lend itself. It is also 
proved by the enormous magnitude of tlie vases which are fabri- 
cated in a single piece, free from those defects which would be 
inevitable with a material not possessing that quality in the 
highest degree. 

Without being as fusible as the paste of which the tender por- 
celain is formed, it is less infusible than that of the hard 
European porcelain. A cup of Chinese porcelain was softened and 
distorted in one of the Sevres ovens. 

6. The forms given to the Chinese porcelain are remarkable for 
their perfection, even in the case of articles presenting the greatest 
diffioiilties and delicacies. The pieces, although large, are frequently 
not thicker than an egg shell. Open cylindrical vases eight or 
nine inches in height are proportionsdly delicate ; plates decorated 
with ornaments in relief, are. remarkable for their lightness and 
evenness of surface ; and as to magnitude, the vases made in a 
single piece are sometimes fifty-four inches high and twenty-two 
inches, diameter. A vase of these dimensions is in the possession of 
M. Cambac^res, remarkable for the magnificence of its ornamenta- 
tion in relief, and its dragon-formed handles. 

7. Among the pieces of Chinese .porcelain most memorable for 
magnitude, is the celebrated pagoda of Nankin in the province of 
Kiang-Ming, the height of which is 213 feet. This structure 
consists of nine stages, the walls of each of which are covered 
with plates of coarse porcelain. Two models of this, on a small 
scale, may be seen in the Imperial (Royal) Library at Paris. 

8. One of the most characteristic forms of the Chinese vases is 
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iitat of the two rotutd tum or bottles oonnecUd bj a contmd^d 
ueok, of whicli &gt. 25 and 26 are examples. The moat usual 
onuunenta on these va«eB ore lizards or other reptiles with a. 




(lotred aad bifiircated tail, which are represented crawling from 
one of Ulb rases to the other in the contraoied neck, by which they 
are oonneoted. 
Thii form of vase has been seen no where on the old continent 




except in China and in Egypt, H, Brongniort, howeTsr, notaac« 
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a fact wl4ch lias some interest for gec^prapliers and antiquaries. 
It is that Tases of the same form and similar decoration have been 
found among the remains of ancient pottery in Peru and Chili 
in South America, which must have existed ages before the time 
of Columbus. One of these jars, found in Peru, is represented in 
^g, 27. It will be observed as a coincidence deserving of notice, 
that while in the Chinese vases lizards are represented creeping 
from one part of the vase to the other, a species of small ape is 
represented in a like position and action on the Peruvian vase, 
and that in both cases the tails are bifurcated. 

9. The figures so often seen on Chinese porcelain, with a large 
paunch, which amateurs call Pou-sa, and which are often in 
coloured glaze, represent the Chinese god of porcelain, whom a 
legend records as being a martyr to the art. Being engaged in 
the process of baking, he found that the action of the furnace was 
irregular, and such as must destroy the articles in the oven. To 
prevent this, according to the Chinese traditions, he sacrificed 
himself by throwing himself bodily into the furnace, and attained 
his object. 

10. It was not until the beginning of the last century that the 
art of fabricating the true porcelain made its way to Europe. The 
circumstances attending its discovery are highly interesting and 
curious. 

During the seventeenth century, the oriental porcelain which 
had been brought to Europe by the Portuguese, and which was 
distinguished from the wares fabricated there by the name of 
porcelain, excited the unbounded admiration of sdl classes. No 
efforts were left untried to discover its materials and the means of 
producing it. European agents in the East, and more particularly 
Father EntrecoUes already mentioned, contrived, in spite of the 
jealous vigilance of the Chinese, to obtain specimens of the 
materials of which the precious ware was fabricated. But these 
materials were in the state in which they were prepared for the 
potter, and not in the raw form in which they were fii^ taken from 
the quarries. Nevertheless, they were assiduously examined and 
analysed by the most eminent chemists and physicists of the day. 

These researches, however, led to no practical result; and, as so 
often happens in the pirogress of discovery, as well in the arts as 
in the sciences, chance accomplished what sagacity and industry 
failed to attain. Even chance, however, can accomplish nothing, 
unless it presents its results where talent and genius are present 
to recognise them and tarn them to account. Happily, in the 
present case, the talent and genius were not wanting. Saxony 
was destined to have the honour of the first accomplishment of this 
great advance in the ornamental arts. 
ISO 
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11. John Frederick Bottger (or Bottcher) was bom at Sohlaiz, 
in YoigUand, on the 4th of February, 1682. He was brought up at 
Magdeburg, where his father had a place in the Mint. The father 
was given to alchemy, and pretended to the discovery of the 
philosopher's stone, the secret of which he was reputed to have 
imparted to his son. In the superstitious spirit of the age, Bottger 
beUeved himself gifted with the power of divining the future, in 
consequence of being a '' Sabbath child," having chanced to come 
into the world on a Sunday. 

He was apprenticed to an apothecary named Zom, at Berlin, 
but the fascinations of alchemy did not long permit him to give 
his attention to the preparation of medicines ; and he deserted his 
master and his business. He was soon, however, obliged to 
return, and was received and forgiven, on the condition of 
abandoning his favourite study of alchemy. 

Soon after this, being informed that the fame of his researches 
and the rumours of his prospects of successful results, which gave 
him among his fellow citizens the name of the ** Gol^aker,'* had 
reached the ears of Frederick I. of Prussia, and fearing, or 
affecting to fear, that he would be seized by royal order for 
the purpose of extorting his secret from him, he again fled, and 
took reAige in Saxony, where his arrest was procured by the 
Prussian authorities. The Elector of Saxony, however, having 
resolved not to surrender so precious a personage, had him carried 
away firom Wittemberg, and secretly confined, but well cared for 
and treated. 

He was supplied with all the means necessary to carry on his 
chemical researches, but was kep^ under constant' surveillance, and 
was in reality a prisoner. 

12. After some time the Elector, finding that the labours and 
researches of Bottger were without any practical results, and 
suspecting all the prospects of success so much vaunted to be mere 
illusions, but finding nevertheless that his proteg^ and prisoner 
was endowed with considerable natural genius, combined with 
much acquaintance with chemical science, such as it was at that 
time, resolved on endeavouring to turn Bttttger to better account ; 
and, with this view, put him in communication with Ehbenfeied 
Waltheb de Tschtrnhausen, who was then occupied in experi- 
mental researches directed to the improvement of the fabrication of 
earthenware, and more especially to the discovery of means for the 
production of the oriental porcelain. 

Bdttger himself , having probably some misgivings as to his 
eventual success in . the fabrication of gold, was the more ready 
to give ear to the counsels and suggestions of Tschimhausen, and 
was soon brought to cooperate with that person, and to deliver 
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himself with all his characteristic ardour to a series of experiments 
on the fSahrication of an improved pottery. 

13. In order to remoye them more effectually from popular inter- 
ference and ohservation, the Elector had established Bottger and 
Tschimhausen in the chiteau of Albrechtsburg at Meissen. Xhey 
were there abundantly supplied with artisans to work under them, 
and with all that was necessary for a porcelain laboratory and 
workshop. Bottger was liberally afford^ all that could render 
life agreeable, except liberty. A carriage was provided for him, 
and he was allowed to visit Dresden and the neighbourhood at his 
pleasure, but an officer always accompanied him, never for a 
moment losing sight of him, lest he should escape, carrying with 
him his inestimable secrets. 

The first result of their labours, which were still prosecuted 
under the strict surveillance of government, was merely the pro- 
duction of articles of earthenware, composed of a red and compact 
paste, differing, however, in nothing which was essential from the 
pottery of Spain, Italy, and France. 

In 1706, the King of Sweden, Charles XII., entering Saxony, 
the King of Poland, Elector of Saxony, fearing that Bottger 
should be seized and carried away with his secrets, had him 
conducted with Tschimhausen and three principal artisans, 
Bitter, £omanns, and Beichling, to the fortress of Konigstein, 
where they were strictly imprisoned, but supplied with a 
laboratory, where they were allowed to prosecute ther labours 
under rigid surveillance. Bottger is related to have lost none of 
his gaiety and animal spirits here. He amused his leisure hours 
and those of his companions in captivity in various ways, and 
among others, by the composition and recitation of verses. 

Notwithstanding all the precautions which were ohserved for 
their safe keeping, Bitter and the others managed to form a plan 
of escape. 

14. In 1707, after remaining a year at Konigstein, Bdttger and 
Tschimhausen were reconducted to Dresden, and establii^ed in a 
new laboratory which had been prepared for them on the Jungfer- 
bastei. Here they continued to prosecute their labours, all their 
researches being directed still to the discovery of the means of 
producing a pottery such as that which came from China. Their 
labours were incessant, and their spirit indefatigable ; and it is 
related as an example of the untiring spirit of Bottger, that when 
it was considered necessary to watch the oven day and night for 
three or four successive days, he never left them himself, and kept 
his assistants awake by his inexhaustible fund of anecdote, and the 
gay and frequent sallies of his conversation. 

It was said, that at this time some of the firing processes which 
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required a more intense heat than could be obtained by the 
furnaces then in use, were effected by means of the sokr rays 
collected in the foous of a large burning mirror, constructed by 
Tschimhausen. 

Tsohimhausen died the next year, 1708. This event, however, 
did not interrupt the course of experiments. Large ovens were 
erected, and batches of earthenware were exposed in them to the 
effect of the furnaces, often for five consecutive days and nights, 
producing successful results so far as the nature of the clays used 
permitted. The king, wishing to witness one of these experi- 
ments, they drew from the oven, in his presence, a tea-pot, still 
red-hot, whidi, being plimged in water, sustained the sudden 
change of temperature without injury. 

15. The pottery thus produced was still, however, only a good 
stone- ware, with a red body, to which the brilliancy of porcelain 
was attempted to be imparted, either by polishing it on the wheel 
of a lapidary, or by covering it with an opaque-coloured glaze, 
which was vitrified at a comparatively low temperature. 

- At length, however, chance brought to Bdttger a knowledge of 
the constituents of the true oriental porcelain, so long and so 
vainly sought for. 

16. About this time, John Schnorr, one of the most wealthy 
and extensive iron-masters of Erzgebirge, happened to pass on 
horseback near AuE, where he observed the action of his horse to 
be impeded by reason of his feet sticking in a sort of white, soft, 
and tenacious earth, which lay upon the road, and which evidently 
formed the superfibial stratum of the ground at that place. At 
that time, the use of hair-powder was universal, and that article 
formed consequently an object of commerce of capital importance. 
Engaged largely himself in commercial speculations, and endowed 
with an enterprising genius and quick sagacity, Schnorr conceived 
the idea of submitting this white clay to experiment, for the 
purpose of purifying it, and reducing it to a fine powder, which 
might find a profitable market as hair-powder, thus displacing the 
powder produced from wheaten fiour. 

Schnorr realised this project with complete success, and after a 
series of experiments made at Carlsfeld, established a manufactory 
of it, and soon found an extensive market and large demand for 
the article at Dresden, Leipsic, Zittau, and, in short, in all the 
Carman towns, where the new powder was known under the name 
of Schhobb's White Eakth. 

17. B5ttger, like all others of that day, wearing powder, he 
happened, while Klunker, his valet, was occupied in dbressing his 
hair, to take in his hand a packet of the powder which he was 
using, and being struck with its extraordinary weight, greatly 
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exceeding that of powder made from flour, lie asked Klunker 
where he bought it, and what it was called. Being informed that 
it was "Sohnorr's White Earth," the idea instantly occurred to 
him that a clay so beautifully white, and admitting of pulveri- 
sation so infinitely fine, would serve as a material for £a,bricating 
an improved pottery ; he instantly ordered a quantity of it to be 
procured sufficient for an experiment, which was no sooner tried 
than its precious qualities became conspicuously apparent. It 
was, in fact, the true kaolin, the very material of which the so 
highly-prized oriental porcelain was formed, and for which so many 
and such £ruitless searches had been made in all parts of Europe. 

18. The king now proceeded to establish the Koyal Manufactory 
of Porcelain, which has since attained such universal celebrity^ 
The Ch&teau of Albrechtsburg, at Meissen, was assigned to it, and 
B3ttger was appointed its director. 

The most rigid precautions were adopted to prevent the dis- 
covery, or its consequences, passing out of the country. Tho 
exportation of the " white earth" was interdicted under the most 
severe penalties, and it was transported from Aue to the manu- 
factory at Meissen in sealed barrels, under military escort, and in 
the care of sworn keepers. 

The precautions to ensure the secresy of the processes exceeded 
all belief. The precept solemnly inculcated into all who wer& 
employed in the manufactory, &om the director to the lowest 
labourer, was " Seckesy till DEiLiH ! " An oath to this effect 
was solemnly administered monthly to all the foremen and prin- 
cipal artisans, and was painted in conspicuous characters on the- 
doors of all the workshops. 

Whoever should be detected in disclosing any of the secrets of 
the processes was menaced by the royal ordinances with imprison- 
ment for life in the fortress of Konigstein. 

19. In a word, the royal manufactory of Meissen was placed 
under the rigorous conditions of a fortress, the drawbridge never 
being lowered except at night. No one was admitted within it& 
walls except those employed in the works ; and even when the 
king brought foreigners of distinction to view the works, the 
processes were carefully concealed from them. 

20. So late as the year 1812, M. Brongniart, then di^tor of the 
Royal Manufactory of Sdvres, was sent by the Emperor Napoleon 
to inspect the porcelain works of Germany, and among others he 
visited those of Meissen. Even then the same rigorous system of 
secresy and exclusion was maintained. « The King of Saxony, at 
the personal request of Napoleon, permitted M. Brongniart to see 
the works; but in order to do so, he was obliged to absolve 
M. Euhn, the director, from his oath of exclusion* He did so, 
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as far as related to M. Brongniart indiyiduaUy, but he refused 
to inolude in the admission the associate who accompanied him. 

The fine hard porcelain was now maanfactured at Meissen, the 
colours, forms, painting and gilding of the oriental porcelain being 
so perfectly re-produced, that on examining the specimens of this 
early date preserved in the Dresden collection, M. Brongniart 
affirmed that he was only able to ascertain that they were not 
genuine Chinese porcelain by the mark of the Meissen manufac-* 
tory impressed on them. 

21. Bdttger was unable to bear his elevation. Intoxicated with 
success, aud supplied with pecuniary resources beyond his habits, 
he feU into a course of dissipation, and died in 1719, at the early 
age of thirty-five. 

Such was the origin of the manufactory of porcelain at Dresden, 
which has since obtained a world-wide celebrity, and the source 
^m which Europe for more than a hundred years obtained the 
most admired productions of the ceramic art. 

22. The kaolin of Aue, discovered by the accidental circum- 
stances above stated, continued, and still continues, to be used 
as one of the materials of the Saxon porcelain. Two sorts of 
paste are at present used in this manufacture. What is called 
the service paste, or that used for porcelain in general, is thu& 
composed: 

Kaolin of Aue 18 

Kaolin of Sosa 18 

Kaolin of Seidlitz . . . .36 
Feldspar, &c. 8 

100 

For the statuary porcelain the feldspar of Carlsbad and quartz 
are mixed with the kaolin of Aue. 

The manufacture of fine porcelain being thus established in 
Saxony, it soon spread to other parts of Europe, partly by the 
treachery and desertion of the parties engaged in the Meissen 
manulEictory, and partly by the invention of other materials for 
the paste ; and, in fine, by the discovery of strata of kaolin in 
other localities. 

23. The style of the Dresden porcelain is familiar to all amateurs, 
and, whatever difference of opinion may prevail as to its taste, 
there can be none as to the admirable excellence of its execution. 
AU who have visited the collection at Dresden, will be familiar 
with the series of animals, represented on a scale approaching to 
the natural size, including bears, rhinoceroses, vultures, peacocks, 
&c., made for the grand staircase which conducts to the electoral 
library. These were fabricated as early as 1730. At a later 
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period, when the Tnannfactare had undergone improyementsy large 
ornamental pieces of porcelain were made, such as the slabs of 
consoles and tables, some of which measure from 45 to 50 inches 
by 25, and are richly decorated with flowers. 

24. Among the varieties of Dresden poroebun the grotesque 
figures and groups have always been much admired for their 
execution, if not for their style. The costumes are especially 
admirable, and the representation of fine work, such as lace, 
truly wondcrfuL One of the grotesque pieces which has attained 
most celebrity, and is fatniliar to all amateurs, is the famous 
tailor of the Count de Bruhl, a figure which is remarkable for the 
difficulty of its execution owing to the numerous accessories 
which it includes. The figure of the tailor is represented riding 
on a goat surrounded with all the implements and appendages of 
his trade, and is about 20 inches in height. This celebrated 
group was composed by Kundler in 1760, and is usually sold for 
about 121. 

The Dresden manufacture has always been remarkable for its 
representation o€ flowers ; and a beautiful specimen of this work 
was seen in the Great Exhibition in 1851, consisting of a camellia 
iapanicawiih leaves and white flowers in porcelain, in a gilt pot, on 
a stand of white and gold porcelain. This article is priced at 90^. 

25. The eflbrts made to conceal the important discovery thus 
made, and to monopolise the manufacture of fine porcelain at 
Dresden, were ineffectual. The force of interest proved more 
powerful than the respect for oaths, and the art, as improved in 
Saxony, soon spread to other parts of Germany. 

One of the foremen of Meissen, named Stobzel, had deserted 
from that establishment about the year 1718, and escaped to 
Yienna, where, aided by a Belgian named Pasquier, and favoured 
by a privilege, or a sort of monopoly, for twenty-five years, 
granted to hiTn by the Emperor Charles YI., he established, in 
1720, a small porcelain manufactory. STot having, however, suffi- 
cient capital to carry it on, it declmed, and was finally purchased 
by the Empress Maria Theresa in 1744, and erected into a royal 
manufSactory. During nearly twenty years it required consi- 
derable subsidies for its support, but at length, by good manage- 
ment, it became profitable in 1700, and in 1780 yielded an annual 
profit of about 4000?. The number of operatives who were lately 
employed in this factory was about 400. The kaolin or porcelain 
clay used in this factory, until 1812, was obtained from the neigh- 
bourhood of Passau, on the confines of Bavaria, and from Prinzdorf, 
in Hungary. Lately, however, it has been supplied by clay 
obtained from the neighbourhood of Brun, in Moravia, and 
Unghbar, in Hungary. 
156 



DBSSDEN POKCELAIN. 

As deserters from Meissen were instrnmental in establishing 
the manufactory of porcelain at Vienna, deserters from Vienna 
soon spread the knowledge of the art to a greater or less extent in 
other parts of Germany. 

26. Eingler, one of those who had originally deserted from 
Meissen, again breaking his engagements, and disregarding his 
oaths, left Vienna, taking with him plans of the ovens, and asso- 
ciating himself with M. Gelz, a manufacturer of earthenware at 
H5chst, near Francfort-on-the-Maine, he enabled that potter, 
with the aid of Lowenfink and Bengraf, two others, to establish 
the manufacture of the fine porcelain. 

The German princes, captivated by the productions of this art, 
and ambitious, each in his own state, to establish a royal manu- 
factory, in imitation of those of Dresden and Vienna, left no 
means of corruption and seduction untried to attract the potters, 
ot even the subordinate workmen, who were engaged in the manu- 
factories already established. Thus, the Duke of Brunswick endea- 
voured, by highly advantageous offers, to tempt the potter. Bengraf 
to desert his employer, and succeeded, though not without much 
delay and many difficulties, for Bengraf was arrested by order of 
the Elector of Mentz, and was kept without food, until he was 
compelled to leave with his employer the full details of his 
processes, and to verify their exactitude. At length he was per- 
mitted to depart, and, in fine, he founded, in 1750, the weU-known 
manufactory of Furstenberg, on the Weser. But as he died 
before his processes were carried into practical effect, the Duke of 
Brunswick fEiiled in his object, and lost the expense he had incurred. 
He resorted in vain to the aid of an eminent chemist of that 
day, the Baron de Lang, to find means of realising the plans of 
Bengraf. 

Bingler having remained at K5chst, continued to direct the 
processes of that manufactory, taking care, however, to conceal his 
processes, so that without his personal superintendence the works 
could not proceed. Being addicted to drhiking, his companions, 
availing themselves of his infirmity, and knowing that he usually 
carried on his person receipts for his processes, tempted him into an 
excessive indulgence in wine, which ended in his falling into a 
state of insensibility. Availing themselves of this, they rifled 
him of his papers, and his receipts being copied and re-copied, 
were carried about the German States, and sold for considerable 
sums to wealthy persons, who considered themselves fortunate in 
becoming the possessors of the processes of an art so much and so 
imiversally a^nired. 

27. Among these hawkers of Ringler's receipts or notes, one of 
the most noted and active was a certain Paul Becker, who, after 
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travelling through France and the Netherlands, at length settled 
in Brunswick, where he received a pension from the Duke, on the 
condition of ceasing from his peregrinations. Most of the notes 
and receipts which were thus put in oircidation, were either 
garbled and fragmentary, or altogether spurious, so that little or 
no practical advantage was derived by those who became their 
possessors. 

Ringler quitting Httchst, went to Frankenthal, where, asso- 
ciating himseKwith a merchant, named Hammung, he established 
a porcelain factory, which afterwards became one of the best 
known in Germany. 

28. He went to Munich^ where he established, under the pro- 
tection of the King of Bavaria, the royal porcelain works at 
Nymphenburg, within a few miles of the city, in 1758. 

This establishment still continues, and is now the Royal porce- 
lain manufactory of Bavaria. The white biscuit is manufactured 
at Nymphenburg, and its ornamentation effected in workshops at 
Munich. The porcelain clay used in this manufactory is obtained 
near Passau, already mentioned, the felspar from Raberstein, in 
Bavaria, and the quartz from Abensburg, near Ratisbon. It was, 
in like manner, by means of information brought by deserters and 
runaways from factory to factory, that the fabrication of porcelain 
eame to be established successively in the royal manufactories of 
Louisberg near Stuttgard, at Berlin, Copenhagen, Brunswick, and 
St. Petersburgh. 

After the peace of Hubertsburgh, Frederick II. of Prussia, 
erected the royal manufactory of Berlin. While he was master 
of Dresden, he sent a considerable quantity of the porcelain clay 
of Meissen, and several of the operatives of this, factory, to Berlin, 
to aid in the establishment of the manufactory in that city. 

29. Chance, which played so remarkable a part in the progress of 
the ceramic art elsewhere, was also the origin of its establishment 
in the Thuringen. 

In 1758, an old woman brought to the laboratory of Hie cnemist 
Macheleid, a powder, . which she proposed to be used as sand for 
drying writing. The grain and colour of this powder struck 
Henry Macheleid, the son of the chemist, who had studied at 
Jena, as bearing a resemblance to china clay. He submitted it 
to analysis, and found that it was kaolin. Li fine, he succeeded 
in making porcelain with it, and founded in 1762 a manufactory 
of that article at Sitzerode, which in 1767 was transferred to 
Yolkstadt, and became the origin of all the other manufactories 
of that district of the German states. 

30. While the art made this progress in Germany, the French 
potters failing to discover either a true kaolin or any other clay 

158 



GEAMAN MANUFACTORIES. 

having the qualities necessary to render it a tolerable substitute 
for the fine china clay, directed all their efforts to invent some 
artificial composition which might serve the purpose and enable 
them to compete with foreign potters. 

The result was the invention of an artificial imitation of the 
porcelain paste, which soon became the basis of a great manufactory 
in France, and which continued for half a century to be known as 
the pdte tendre of the lioyal manufactory of Sdvres. 

This material did not contain a particle of kaolin or felspar, 
the essential constituents of al] genuine porcelain. Its composition 
was subject firom time to time to sUght variations ; for, for the best 
porcelain, it consis t' the following constituents in an hundred 
parts by weight : — 

Fused nitre (mineral crystals) .... 22*6 

Grey sea-salt 7*2 

Alum 3*6 

Sodaof Alicant 8*6 

G^ypsum of Montmartre (plaster of Paris) . . 3*6 

Sand of Fontainbleaa 60*0 

100*0 

These materials being well mixed, were fritted either in the 
porcelain oven, or in an oven expressly appropriated to this process. 
It was usual, however, to calcine the alum and the gypsum pre- 
viously to disengaging their water of crystallisation. 

The dough called the pdtte tendre, was formed by the mixture of 
this Mt with white chalk and calcareous marls from the gypseous 
earth of Argenteuil, in the following proportions by weight : — 

Frit 75 

Chalk 17 

Gypseous earth 8 

100 
The whiteness and consistency or hardness of this dough was 

modified by varying the proportion of chalk. 

All these materials were intimately kneaded together, bruised 

with water in a mill, and in fine passed through silken sieves. 
The glaze used for this factitious biscuit was composed as 

follows : — 

Litharge 33 

Calcin^ sand of Fontainbleau . . . . 27 

Calcined silex 11 

Sub-carbonate of potash 15 

Sub-cai'bonate of soda 9 

100 
31. This paste after all was so utterly wanting in plasticity and 
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oonsistency that it could not be worked on the potter's wheel, and 
was even moulded not without much difficulty. 

To give it sufficient tenacity and consistency to prevent it from 
cracking or crumbling to pieces in the process of moulding, it was 
mixed with about twelve per cent, of its own weight of a mixture 
cf black soap and parchment size, the soap at a later period being 
] eplaced by a solution of tragacanth gum, to which are attributed 
the saline efflorescences which were occasionally manifested on the 
: rticles fabricated. In the process of turning the moidded pieces 
a saline and silicious dust was produced, which was extremely 
injurious to the potters, and caused asthmatic and pulmonary 
complaints. This was one of the reasons why the fabrication of 
tender porcelain was the more readily discontinued after the 
discovery of kaolin. 

Owing to the want of plasticity and coherence in this artificial 
paste, great difficulties were encountered in the several stages of 
its manufacture. The want of tenacity rendered it necessary, 
when the articles were placed in the oven, to support all the pro- 
jecting parts during the process of baking ; and, in order that the 
forms of these parts might not be distorted, it was necessary that 
their supports should be fbrmed of the same paste as the articles 
themselves, so that the whole mass, including the supports, might 
contract together. The linear dimensions contracted in the baking 
by one-seventh, and, consequently, the bulk or volume of the 
article was diminished in the proportion of three to two. 
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CHAPTER IV. 

1. Mesnbgofthecpitliet "tender" asapplied to porcelain. — 2. Qnaliti™ 
and Tftlae otthis porcelain. — 3. Art of making it not lost, — -t. Origin 
of the Sivres manufactory. — 5. Efforts hi discover kaolin — Panl 
Eannong. — 6. Eaolia of Limoges discari^red. — 7. Anecdot; of 
Madame Damet. — 8. English porcelain al Bow, Cerbj, and Wor- 
cester. — 9. Comiah china claj. — 10. Froperties of tme porcelain. 
— 11. Stoneware. — 12. Canae of translncencj. — 13. Hard and tender 
porcelain distingoiBbed. — 14. English tender porcelain. — 15. Mode 
of preparing the clay. — 10. Statuary porcelain. — 17. Process of its 
&bricatioa. — IS. Process of producing colours on porcelain.^ 19. 
Colonred figores on common vare ; prees and bat printing. — 20. Dis- 
tjuctire marks of the manu&etories — 21. Various recent applications 
of the art. 

1. The epithet tender, applied to this porcelain, must not be under- 
ttood as implying the quality of softness. It is intended, on tiie 
other hand, to express two qualities by which it is distisguished 
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from the hard porcelain : first, that the paste is fusible at a 
certain temperature lower than that at which the hard porcelain is 
baked ; and, secondly, that the glaze is so soft that it may bo 
scratched with a steel fork or knife. 

This artificial imitation of porcelain enjoyed for a long time 
great celebrity ; and after its manufacture was discontinued, it 
was still more eagerly sought by amateurs, and its price was 
enhanced by its comparative scarcity. 

. 2. The very defects of this artificial porcelain conferred upon it 
some advantages, in its decoration, over the real porcelain made 
from the paste of kaolin and felspar. The softness of the glaze 
caused painting laid over it to penetrate more or less into it, and 
thus to assume the appearance of being incorporated with it. It 
had the same effect as if it were placed imder the glaze, retaining 
nevertheless the most perfect brilliancy. This is an effect diflOlcult 
to be attained, owing to the facility with which the colouring 
matter is affected by the saline constituents of the glaze. It has 
not reappeared in the productions of the Sdvres factory since the 
fabrication of the pdte tendre was discontinued there. Since the 
great Exhibition, however, some of the British manufacturers 
have produced similar eftects. 

There are certain coloured grounds which are eminently 
characteristic of the old Sevres porcelain, the proper porcelain 
paste not being in the same degree susceptible of receiving them. 
These are the beautiful light blue called ttjequoise, from its 
resemblance to the colour of the stone of that, name, the gros 
BLETJ, the GREEN- obtained from copper, and the red distinguished 
as the Rose Dubarry, from the preference shewn to it by the 
notorious mistress of Louis XY. 

Although this factitious ware contained no portion of either of 
the essential constituents of true porcelain, and ought not, there-? 
fore, ever to have received the name, or to be regarded as anything 
else than a spurious imitation of that admired production of Art ; 
it must at the same time be admitted to be, in its superficial and 
external qualities, a beautiful copy of a beautiful original, and to 
require in its preparation and fabrication much more profound 
resources of science and art than what is composed chiefly of 
matters which nature presents nearly in the state in which 
they enter into the composition of the article fabricated. To 
discover and fitly combine the complicated elements of this 
artificial porcelain required patient research, great chemical skill, 
much sagacity, perseverance, and genius ; while the casual dis- 
covery of a vein of kaolin and felspar would have at once 
enabled any potter, already master of his art, to fabricate the 
genuine porcelain. 
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The fabrication of this celebrated pottery commenced in France 
about the year 1695, and was continued for more than a centurj'. 
The existence of true kaolin in France was not discovered until 
1768, when the manufacture of real porcelain was commenced, and 
was prosecuted concurrently with the fictitious porcelain until 
1804, when the fabrication of the latter was discontinued ; and 
since that time the real porcelain only has been produced in the 
French Royal Manufactory. 

3. Among amateurs in porcelain, including even those who are 
otherwise well-informed, there prevails a notion that the art of 
fabricating the tender porcelain of Sevres has been lost, and that, 
since it is impossible to reproduce the articles, they must neoes- 
saiily have a high value in the market. This, however, is 
erroneous. All the materials and processes for the fabrication of 
this description of artificial porcelain are preserved at Sevres, 
and the manufacture can be re-established whenever it is 
desired to do so. Indeed, we are informed that the Adminis- 
tration entertains an intention of recommencing the fabrication 
of this description of porcelain for articles of ornament, sudi 
as vases, pictures, &c., the imperfections incidental to it not 
affecting such objects. 

In 1695, when the first attempt at the fabrication of tlie pdte 
tendre was made, the porcelain works at St. Cloud were the 
property of a private individual named Morin* The invention of 
this artificial paste was the result of twenty-five yeai-s of labour 
and research. It appears, therefore, that this manufacture com- 
menced about fifteen years before the discovery of kaolin, and the 
commencement of the fabrication of hard or real porcelain at 
Dresden. 

4. The establishment which has since attained such celebrity as 
the Royal Sevres Porcelain Works, was previously established at 
Vincennes, where it was first conducted as a private enterprise. 
In 1753, Louis XV. became joint-proprietor of it, taking a third 
share, and gave it the sanction of royal protection, and the title of 
the Royal Manufacture of Porcelain. Having attained, about 
1754, great celebrity from the extraordinary perfection and 
beauty of its productions, and especially for a magnificent service 
presented by the king to the Empress Catherine of Russia, the 
manufacture enlarging its works, the buildings at Vincennes were 
found to be too confined for its more extended operations : and 
a site having been obtained at the village of Sdvres, on the 
highroad from Paris to Versailles, a building on a vast scale 
was erected there for the manufacture, which was removed there 
in 1756. 

A few years later, in 17C0, the long purchased the interests of 
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the other proprietors, and the works hecame, and have ever since 
continued to be, the exclusive property of the Government. 

5. It may be easily imagined that the celebrity of the Germa» 
porcelain, and more especially that of Dresden, excited the most 
lively desire, and the most unceasing endeavours, to discover in 
France the precious mineral which alone formed the base of the 
genuine article. It was necessary, however, first to ascertain 
what the actual material was, which still remained to a fp^at 
extent a secret ; and next to discover where, if at all, it could be 
obtained in France. 

In 1753, just before the removal of the Royal Manufactory 
from Vincennes to Sdvres, Paul Hannong, a citizen of Strasburg, 
who was proprietor of earthenware and porcelain works at 
Hagenau, being in possession of the full knowledge of the 
materials and processes of the German porcelain manufacture, 
proposed to M. Boileau, director of the manufactory at Vincennes, 
to sell to that establishment the secret of the. manufacture, for 
which he demanded 4000/. in cash, and a life annuity of 480/. 
This proposal being declined, a royal decree in 1754 prohibited 
him^ from carrying on his works in France, and he accordingly 
established them at Frankenthal. 

Paul Hannong died and was succeeded by his brother Pierre 
Antoine, with whom the French Government re-opened the nego- 
tiations which had been broken off by reason of the exorbitant 
demands of Paul. A greater facility now appearing to be mani- 
fested, the ministers of Louis XV. spared no exertion to secure to 
France the possession of an art so highly esteemed, and to rescue 
the country from the necessity of obtaining only by importation 
articles so highly prized. M. Boileau, the director of the royal 
works at Sdvres, was sent to Frankenthal with fall powers, and 
the result of his negotiation was a contract signed on the 29th 
July, 1761, by which Pierre Antoine Hannong engaged to make 
known all the processes and the materials for manufacturing the 
true porcelain. Eventually, however, the execution of this con- 
tract to the advantage of the French government was rendered 
impossible by the fact, not foreseen, that the raw materials, kaolin 
and felspar, indispensable for the fabrication of the porcelain, not 
having been discoveled in France, could only be obtained from 
countries where their exportation was prohibited. Under these 
circumstances the contract with Hannong was dissolved, the 
Government, however, granting him as compensation a sum of 
160^. and a life annuity of 48/. 

6. The time, however, had now arrived when chance was destined 
to do for the porcelain manufacture in France what it had done 
elsewhere, by leading to the discovery of kaolin. 
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■ Madame Damet, the wife of a village surgeon, residing at 
8t. Yrieix, near Limoges, accidentally found in a valley in the 
neighbourhood of that town a white unctuous earth, which she 
regarded as being capable of being rendered useful in the washing 
of linen. With this purpose she showed it to her husband, who, 
better informed, suspected other and more valuable properties in 
it, and undertook a journey to Bordeaux to submit it to a chemist 
of that place, named Villaris. This person, who had been alread}- 
informed of the qualities necessary for porcelain clay, and of the 
eagerness with which it was sought for, suspected that the speci- 
men brought to him by M. Darnet possessed these qualities. It 
was accordingly sent to Macquer, the chemist at Paris, who was 
then occupied in experiments on the improvement of porcelain. 
He immediately recognised in this specimen of clay the true 
kaolin, and went to St. Yrieix in -August 1768, where he found 
a large vein of this precious material. Experiments were made 
upon it upon a considerable scale at Si^vres, where all doubts upon 
the subject were soon removed ; and the kaolin of St. Yrieix near 
Limoges was immediately adopted as the material, and the fabri- 
cation of the hard porcelain was commenced. 

7. M. Brongniart relates a curious and interesting anecdote 
connected with this subject. He says that, in 1825, being at 
Sevres, where he was still director, an aged woman addressed 
herself to him one day supplicating temporary relief, and appa- 
rently suffering from extreme want. She asked for aid to 
enable her to return on foot to St. Yrieix, whence she had come. 
This woman was Madame Darnet, the discoverer of the kaolin 
of Limoges. The relief she sought was immediately given to 
her; and, on the application of M. Brongniart, Louis XVTII, 
granted her a small pension on the civil list, which she enjoyed 
till her death. 

8. The first English porcelain was manufactured at Bow and 
dhelsea, near London, the paste being composed of a mixture of 
the sand from Alum Bay, in the Isle of Wight, with a plastic clay 
and powdered fiint glass ; this was covered with a leaden glaze. 
This manufactory had considerable success. 

In 1748, the manufacture was transferred to Derby ; and in 1751, 
Dr. Wale established at Worcester a manufactory of tender por- 
celain, called the "Worcester Porcelain Company," which stiU 
exists, though in other hands. To Dr. Wale is attributed the inven- 
tion of printing on porcelain, by the transferring of printed patterns 
from paper to the biscuit. The proposed design is first engraved 
'on copper, and the colouring matter being applied to the engraving 
in the same manner as in common copper-plate printing, the design 
is transferred to paper. This paper is afterwards applied to tha 
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bkouit, to which the colouring matter forming the design adheres. 
The paper is then dissolved and washed off, the colouring matter 
Ibrming the design remaining upon the biscuit. The biscuit is 
then glazed over the design with a glass glaze, so that after vitri-^ 
lioation the design appears under the glass. 

The original "Worcester Porcelain Company principally limited 
their business to the manufacture of blue and white porcelain, in 
imitation of that of Nankin, and making the Japanese pottery. 
Cookworthy, of Plymouth, continued to carry on the porcelain 
business at Worcester until 1783, when the manufactory fell into 
t^e hands of Mr. Thomas Flight. 

9. About 1751, Messrs. 'Littler, Yates, and Baddeley attempted 
the same manufacture in Staffordshire, but without success, and it 
was not until 1765 that Messrs. Baddeley and Fletcher succeeded 
in the manufacture of porcelain at Shelton. 

The kaolin or china clay, as it is usually called, which is used 
in the manufacture of British porcelain, is found in the counties of 
Cornwall, Devon, and Dorset. That of Cornwall was discovered 
itbout the same time as that of the discovery of the kaolin, of 
St. Yrieix, in 1768, by Cookworthy. This is the most esteemed, 
and its introduction into the manufactm*c of porcelain gave a great 
impulse to the art. 

10. The qualities by which porcelain is distinguished from the 
inferior productions of the potter are, density, whiteness, trans- 
parency, and fine texture of the glaze. These properties are 
estimated in the order wherein they are here enumerated, compact- 
ness of body being the point which it is considered most desirable 
to attain. The glaze, as seen in the finished porcelain, should npt 
put on a lustrous appearance ; but while beautifully smooth to the 
touch, should present to the eye rather the softness of velvet than 
the gloss of satin. This peculiar semblance will only be produced 
Avith glaze that melts with difficulty, and when the heat has been 
raised precisely to, and not beyond, the point that is necessary for 
its fusion. 

11. Stoneware is a very perfect kind of pottery, and approaches 
nearer than any other description to the character of porcelain. Its 
body is exceedingly dense and compact, so much so, indeed, that 
although vessels formed of it are usually glazed, this covering is 
given to them more with the view of imparting an attractive 
appearance than of preserving them from the action of liquids. 
"When properly made and baked, stoneware is sufficientiy hard to 
strike fire from a fiint, and is as durable as porcelain. 

12. The translucency of porcelain arises from the vitrification of 
one of the constituents of the pa^te in the process of baking. The 
other constituents being jnuflh Jnorc j^^wtej^ tfae avtiole still 
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retains its form, just as a porous vessel such as a iioirer-pot would, 
if it were thoroughly saturated with water. The s^mi-tnuispareiioy 
of porcelain thus produced is an effect of the same class as that 
imparted to paper or linen cloth by saturating it with melted wax. 
The yitriiiablo constituent which thus renders porcelain trans- 
lucent is generally the felspar ; in «ome cases, however, it is lime 
which, entering into combination with the alumina and silica of 
the clay, forms a double silicate of alumina and Ume, more fusible 
still than the simple cilicate of alumina. The oxide of iron pro> 
duces a like effi^t, but as it gives a colour to the paste, it can only 
be used jn the commoner sorts of ware. By increasing the propor- 
tiou «C the vitriiiable constituent, greater translucenoy is imparted 
to the ware, but the body becomes less plastic, more liable to ^- 
tortion, and more difficult to work. 

13. It is most necessary to comprehend the distinction between 
the hard porcelain, the manufacture of which, as we have stated, 
was carried on at a very early date in the East, and the varieties 
of tender portJelain. The body of the latter sorts is more fusible than 
that of the former. This property is given to it by introducing 
into it a larger proportion of alkaline constituents, either in the 
form of felspar, or of alkaline silicate, prepared expressly for the 
purpose, and called /rite. The glaze used for these porcelains is 
also more fusible liian that of hard porcelain, a quality which it 
jmeiytfj ^m a certain proportion of the oxide of lead which enters 
into its composition. 

In certain sorts of tender porcelain no clay whatever is used, and 
the entire body consists of an artificial /r»Y. . Such ware, however 
beautiful it may be rendered in external form and appearance by 
fine workmanship and rich ornamentation, cannot properly be 
called porcelain at all. It is at best only an ingenious imitation of 
that article, bearing to it the same relation as a gilded article bears 
to a gold one. Nevertheless, such is the article so much admired 
and so highly prized under the denomination of the '^ Old Sdvres 
Porcelain." 

14. The English porcelain, and certain sorts still produced in 
some of the private manufactories of France, belong to the class of 
tender porcelain, though not all identical with, or even resembling, 
the Old Sdvres Porcelain. The English porcelain is composed chiefly 
of clays found in Cornwall, Devon, and Dorsetshire. The Cornish 
is the best quality, and is technically termed by potters "china 
clay ; " it enters very extensively into the composition of the best 
kind of ware. It is the decomposed felspar of the granite, and is 
prepared by the clay merchants themselves in Cornwall, prior to its 
being sent to the potteries. Huge masses of white granite abound 
in Cornwall, which is in some ports found partially decomposed ; 
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and wbiOn this is the case, the mineral is raised and prepared for 
the potter's use. 

15. The following is the method of preparation : — ^The stone, 
Imying heen hroken by a pickaxe, is laid in a stream of running 
tmter : the light argillaceous parts are thus washed off and kept in 
suspension ; the quartz and mica being separated are allowed to sub- 
side near the place where the stone was first raised. At the end of 
these rivulets are a kind of catchpools, where the water is at last 
arrested, and time allowed for the pure clay with which it is charged 
to form a deposit, which, being eflfected, the water is drawn ofi" ; 
the clay is then dug up in square blocks and placed upon a number 
of strong shelves, called " Hnnees," so fitted as to allow of the free 
circulation of air, that the day may be properly dried. Thus pre- 
pared, it is an extremely white mass, capable by being crushed to 
be reduced to a fine impalpable powder. In this state it is sent to 
the potteries under the name of China clay. 

16. One of the departments of this manufacture, in which 
England has of late years gone considerably in advance of the con- 
tinent, is that devoted to the fabrication of statuary porcelain. 
This beautiful branch of reproductive art has been almost created 
within the last six or seven years by some of the most eminent and 
enterprising establishments in Staftbrdsliire. 

like all novelties in the arts, this process has undergone a suc- 
cession of improving changes. At first the statuary material was 
limited to a thin superficial coating laid upon a common body. At 
present, however, the object is composed of one homogeneous mass 
of statuary porcelain. The articles thus produced are superior in 
quality, but much more difficult of manufacture, owing to the 
much greater degree of contraction which takes place in the oven, 
and the consequently increased chances of distortion and fracture, 
especially in pieces of complex form and considerable magnitude. 
The contraction of the linear dimensions amounts to as much as a 
fourth of the original magnitude, so that a figure, which as moulded 
or cast is four feet high, comes out of the oven definitively only 
three feet in height, the other dimensions being decreased propor- 
tionally. The actual contraction in the cubical dimensions which 
corresponds to this is more than one half, so that the baked 
materials ore included in less than half the space occupied by the 
unbaked. 

17. The process by which statuary porcelain is produced is that 
called casting, and it resembles in many respects that by which 
casts of objects are produced in metal. 

If the object to be produced is such as can be cast in a single 
piece, a mould of its form is made in plaster of Fans, consisting of 
two parts which can be united by perfectly plane and smooth 
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surfaces, eacli port having a sunk impression of one side of the 
intended object. A clear enough notion of such a mould may be 
obtained from a common bullet-mould. 

When the two parts of the mould are brought into contact, it 
will leave within it a hollow space corresponding exactly in form 
with the intended figure, but having a small opening through 
which the liquid may be introduced. 

The statuary paste is brought, by mixture with about its own 
weight of water, to the consistency of a thick cream, and being 
well and carefully mixed, so as to be quite homogeneous, it is 
poured into the moidd, which is kept full of it for a certain time, 
more or less according to the thickness which it is desired to give 
to the. statuary material composing the object. While it thus 
stands, the bibulous quality of the plaster mould causes it to imbibe 
water from that portion of the creamy liquid or ** sHp," as it is 
called, which is in contact with it, so that a coating of paste, in a 
sufficiently dry state to have coherence, remains attached to the 
surface of the mould. Within this is contained that portion of 
the slip which still remains in the liquid state. This being dis- 
charged through a small hole in the moidd, provided for that 
purpose, the mould remains lined with a soHd coating of the per- 
celain paste of a certain thickness. 

If it be desired to render the coating upon the mould thicker, so 
as to give greater strength and weight to the object moulded, the 
process is repeated ; and, in order to equalise the thickness of the 
deposit, the mould, if it be. not too large, is reversed in its position 
each time that it receives a new charge of slip. 

When the mould, by this process, has received a coating of 
sufficient thickness it is opened, and the object thus cast taken out 
of it ; which is easily accomplished, since no adhesion takes place 
between its surface and that of the mould. 

The thickness of the article thus formed may be varied within 
practical limits, from that of the egg-shell to the thickness 
required by objects of the largest attainable dimensions. A 
beautiful application of this process is practised in the continental 
factories, by which a thin, delicate turticlo is produced, called 
egg-shell porcelain. 

When a large figure, or group of figures, is to be produced, the 
process is more complex. Let us suppose its height in the model 
to be twenty-four inches. Separate and independent moulds are 
previously made for various parts of the piece, and in the larger 
and more complex subjects the number of these sometimes amounts 
to forty or fifty. 

Supposing the figure or group to measure twenty-four inches in 
height as moidded, the shrinking that occurs before thesfik <i>'d&^»» 
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can be taken out of the mould, whicli is caused by the absorbent 
nature of the plaster of which the mould is composed, is equal to 
a reduction of one inch and a half in the height. These casts are 
then put together by the ** figure-maker ; " the seams consequent 
upon the marks caused by the subdivisions of the moulds being 
carefully removed, the whole is worked upon to restore the cast to 
the some degree of finish as the original model. The work is then 
thoroughly dried, to be in a fit state for firing, since, if it were 
put in the oven while damp, the sudden contraction consequent 
upon the great degree of heat to which it would be suddenly 
exposed, would be very liable to cause it to crack : in this process 
it again suffers a further loss of one inch and a half by evapora- 
tion, and it is now but twenty-one inches high. Aguin, in the 
"filing" of the bisque ovwi, its most severe ordeal, it is dimi- 
nished three inches, and is t^n but eighteen inches high, being 
six inches or one-fourth less thtm the original. It loses, there- 
fore, in the entire process, one-fourtk of its linear, and tbeeelere 
more than one-half of its cubical dimensions. iNi^verliielcss, such is 
the consummate skill brought to bear *m 4i MB%pautiful manufacture, 
that in good specimens there is not the slightest discoverable 
distortion or defect of form or outline. 

The perfection to which this branch of the potter's mrt has 
recently attained, is such as to render it probable that it w3i 
eventually be to sculpture what engraving has been to painting, 
but vdth a much closer aflinity, identity of colour and texture 
being attained, as well as that of outline and design. 

18. The enamel colours used in the ornamentation of porcelain 
are produced by certain oxydes of the metals combined with other 
substances, called fluxes, which have the effect of facilitating their 
fusion. Thus the oxyde of gold produces tints of red, such as 
crimson, rose-red, and purple. Reds are also produced by the 
oxydes of iron and chrome. The same oxydes, as well as those of 
cobalt and manganese, produce blacks and browns; those of 
uranium, chrome, antimony, and iron produce orange; those of 
chrome, and copper, green; and those of cobalt and zinc, blue. 
The fluxes for these various oxydes are borax, flint, oxyde of 
lead, &c. 

These colouring materials are worked up with essential oils and 
turpentine, and a very great disadvantage under which the artist 
labours is, that the tints upon the palette are in most cases 
different to those they assume when they have undergone the 
necessary heat, which not only brings out the true colour, but also 
by partially softening the glaze and the flux, causes the colour to 
become fixed to the ware. This disadvantage will be imme- 
diately appalrent in the case where a peculiar delicacy of tint It 
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required, as in flesh tones, for instance. But the difficulty does 
not end here, for, as a dciinite heat can alone give to a colour a 
perfect hue, and, as the colour is continually varj-ing with the 
different stages of graduated heat, anotlier risk is incurred — ^that 
resulting from the liability of its receiving the heat in a greater 
or less degree, termed "over-iired" and ** short-fired." As an 
instance of its importance we will cite rose-colour, or crimson, 
which, when used by the painter, is a dirty violet or drab ; durinj^; 
the process of tiring it gradually varies with the increase of hcat^ 
from a brown to a dull reddish hue, and from that progressively to 
its proper tint. But if by want of judgment or inattention in the 
fireman, the heat is allowed to exceed that point, the beauty and 
brilliancy of the colour are destroyed beyond remedy, and it 
becomes a dull purple. On the other hand, should the tire be too 
slack, the colour is presented in one of its intermediate stages, as 
already described ; but in this case extra heat will restore it. Nor 
must we forget to allude to the casualties of cracking and breaking 
in the kilns by the heat being increased or withdrawn too sud- 
denly, a risk to which the larger articles are peculiarly liable. 
These vicissitudes render enamel painting in its higher branches a 
most unsatisfactory and disheartening study, and enhance the 
value of those productions which are really successful and 
meritorious. 

In enamelling, ground-laying is the first process in operating on 
all designs to which it is applied; it is extremely simple^ 
requiring principally lightness and delicacy of hand. A coat of 
boiled oil adapted to tlie purpose being laid upon the ware with a 
pencil, and afterwards levelled, or as it is technically termed 
** bossed," until the surface is perfectly uniform; as the deposit 
of more oil in one part than another would cause a proportionate 
increase of colour to adhere, and consequently produce a variation 
of tint. This being done, the colour, which is in a state of fine 
powder, is dusted on the oiled ground with cotton wool ; a suffi- 
cient quantity readily attaches itself, and the superfluity is cleared 
off by the same medium. If it be requisite to preserve a panel 
ornament, or any object white upon the ground, an additional 
process is necessary, called ** stencilling." The stencil (generally 
a mixture of rose-pink, sugar, and water) is laid on in the form 
desired with a pencil, so as entirely to protect the surface of the 
ware from the oil, and the process of ** grounding," as previously 
described, ensues. It is then dried in an oven, to harden the oil 
and colour, and immersed in water, which penetrates to the 
stencil; and, softening, the sugar is then easily washed off^ 
carrying with it any portion of colour or oil that may be upon it,. 
and leaving the ware perfectly clean. It is sometimes li&^^'saax^ > 



THE potter's art. 

where great depth of colour is required, to repeat these colours 
several times. The " ground-layers " do generally, and should 
always, work with a bandage over the mouth, to avoid inhaling 
the colour-dust, much of which is highly deleterious. Bossing 
is the term given to the process by which the level surfaces of 
various colours, so extensively introduced upon decorated porcelain, 
are effected. The ** boss " is made of soft leather. 

The process of gilding is as follows : — The gold (which is pre- 
pared with quicksilver and flux), when ready for use, appears a 
black dust; it is used with turpentine and oils similar to the 
enamel colours, and, like them, worked with the ordinary camel's- 
hair pencil. It flows very freely, and is equally adapted for pro- 
ducing broad massive bands and grounds, or the flnest details of 
the most elaborate design. 

To obviate the difficulty and expense of drawing the pattern on 
every piece of a service, when it is at all intricate, a " pounce" is 
used, and the outline dusted through with charcoal — a method 
which also secures uniformity of size and shape. "Women are 
precluded from working at this branch of the business, though, 
from its simplicity and lightness, it would appear so well adapted 
for them. Firing restores the gold to its proper tint, which first 
assumes the character of ^* dead gold," its after brilliancy being 
the result of another process termed " burnishing." * 

19. The ornamentation of the leiss costly descriptions of ware, such 
as are in common use for the table, and in which a single colour 
only is used, is accomplished by a process similar to that of copper- 
plate printing. There are two methods of eflecting this, one called 
** press," and the other "bat" printing. In "press" printing 
the design is formed on the article before it receives the glaze, and 
is afterwards covered and protected by the glaze, through which, 
being quite transparent, it is visible. In "bat" printing, on the 
other hand, the design is laid upon the glaze, and fixed there by 
enamelling it. 

In both cases the design is first executed on a copper-plate. 
For press printing it must be cut very deep to enable it to hold a 
sufficiency of colour to give a firm and full transfer on the ware. 
The printer's sliop is furnished with a brisk stove, having an iron 
plate upon the top, immediately over the fire, for the convenience 
of warming the colour while being worked, also a roller, press, and 
tubs. The printer has two female assistants, called " transferrers," 
and also a girl, called a " cutter." The copper plate is charged 
with colour, mixed with thick boiled oil, by means of a knife and 
" dabber," while held on the hot stove plate, for the purpose of 

* Official Catalogue of the Great Exhibition, p. 713. 
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keeping the colour fluid ; and the engraved portion being filled, 
the superfluous colour is scraped off the surface of the copper with 
the knife, which is further cleaned by being rubbed with a 
"boss," made of leather. A thick firm oil is required to keep 
the different parts of the design from flowing into a mass, or 
becoming confused, while under the pressure of the rubber in the 
process of transferring. A sheet of paper, of the necessary size and 
of a peculiarly thin texture, called " pottery tissue," after being 
saturated with a thin solution of soap and water, is placed upon 
the copper plate, and being put under the action of the press, the 
paper is carefully drawn off again, the engraving being placed on 
the stove, bringing with it the colours and design ^f ith which the 
plate was charged. The paper is then laid upon the ware, and 
rubbed upon it with flannel. During this friction the coloured 
design upon the paper is partly imbibed by the unglazed surface 
of the ware, and partly remains upon that surface. The article is 
then immersed in water, by which the paper being softened, and 
partially dissolved, it is easily washed off with a sponge, the 
coloured design alone remaining on the surface of the article. 
The oil included in the colouring matter is then expelled by 
exposure to heat in a kiln, called a hardening kiln, after which 
the design being left in perfectly dry colouring matter, the article 
is glazed. When covered with the raw glaze, the design is quite 
invisible, the glaze being opaque in that state ; but when it is 
vitrified in the oven, it becomes quite transparent, and the design 
is apparent through it. 

The bat printing is done upon the glaze, and the engravings 
are for this style exceedingly fine, and no greater depth is required 
than for ordinary book engravings. The impression is not sub- 
mitted to the heat necessary for that in the bisque, and the 
medium of conveying it to the ware is also much purer. The 
copper plate is first charged with linseed oil, and cleaned off by 
hand, so that the engraved portion alone retains it. A prepara- 
tion of glue being run upon flat dishes, about a quarter of an inch 
thick, is cut to the size required for the subject, and then pressed 
upon it, and being immediately removed, draws on its surface 
the oil with which the engraving was filled. The glue is then 
pressed upon the ware, with the oiled part next the glaze ; and 
being again removed, the design remains, though, being in a 
pure oil, scarcely perceptible. Colour, finely grcfand, is then 
dusted upon it with cotton wool, and a sufficiency adhering to 
the oil leaves the impression perfect, and ready to be fired in the 
enamel kilns. 

20, It has been the practice at all the great porcelain manu- 
factories to stamp upon the bottom^ or some oth«i: ^ote^^TJCiKo!^ 
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part not exposed to view, of each article fabricated, a peculiar 
distinctive mark, by which the place of its manufacture shall be 
always capable of being ascertained. It will not be without 
interest here to indicate some of the principal of these 
marks. 

The Dresden porcelain, manufactured at the royal manu- 
factory of Meissen, bears the mark of two swords crossed, 
as here represented. 

The English porcelain, manufactured at the celebrated 
Chelsea works, is marked with an anchor, tlius 

The porcelain manufactured at Derby is marked ^ith the 
cypher r'^-\ 
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The old Sevres porcelain, fabricated from 19th Aug., 
1753, until the fall of Royalty in 1793, is marked 
with the cypher 

During the Republic, from 1793 until the end of 1800, the 
mark over the Sdvres porcelain was simply the initials F. R. 
From 1800 to 1804 the articles were marked with the characters, 
M . N** (Manufacture Nationale). 
Sdvres 

During the Empire, 1804 to 1814, the words Manufacture 
Imp^riale, Sevres, were stamped u^n the porcelain. 

From the Restoration to the Revolution of 1830, the articles 
bore the royal cipher, the double L or double c. 

From 1830 to 1834, the symbol of equality, a double equilateral 
triangle was used: and from 1834 to the Revolution, 1848, the 
articles bore the cipher of Louis Philippe. 

By these indications the amateur will be enabled to determine 
the epoch of the manufacture of such articles as may fall under 
his notice. 

21. There is nothing more remarkable in this branch of industry 
than the great number and variety of imexpected uses to which 
the ingenuity of the manufacturer has rendered it subservient. 
At the Great Exhibition of 1851, this was especially conspicuous. 
Among the specimens there collected were found, for example, 
chimney-pieces of statuary porcelain. The advantages of this 
application are numerous and obvious. Among them are great 
durability and freedom from the susceptibility of discoloration 
and staining to which marble is liable. Plateaux and slabs for 
Hie covering of fire-places, tops of console toilet and chess- 



APPLICATIONS OP THE ART. 

tables, panbls of doors and window-shutters, tiles for flooring and 
walls, terra-cotta for vases and garden pots, are among the many 
productions of this art. 

Encaustic tiles for ornamental flooring merit especial notice. 
This branch of the earthenware manufacture has recently acquired 
<K)nsiderable importance, and an export business of some extent 
has been already established in it. Large quantities of this article 
are now exported to the United States and the colonies, as well as 
to certain parts of Europe. The palace of the Sultan at Constan- 
tinople is paved with this tiling, as are also the House of Lords, 
Osborne House, and St. George's Hall, Liverpool. This flooring 
has got into very general use in churches, private mansions, con- 
servatories, &c. It is as durable as marble, less liable to stains, 
and can be decorated with any design to suit the taste of the 
purchaser. 

As a specimen of pottery on a large scale, the figure of Galatea, 
seven feet high, is deserving of attention. This claims to be 
the largest perfect object in pottery which has yet been produced 
in a single piece. Attempts are, we understand, being made, 
with some probability of success, to produce it in statuary 
porcelain. 

Among the ornamental and merely artistic applications of this 
art, we must not omit to notice the copies of paintings, often 
upon a very large scale, made in enamel colours upon slabs of 
porcelain. These beautiful productions of the ceramic art proceed 
almost exclusively from the national manufactories of France and 
Saxony. 

The portraits of the Queen and Prince Albert, which were 
exhibited in the great aisle of the Crystal Palace, are fine 
specimens of the largest porcelain paintings which have been pro- 
duced at the Sdvres manufactory. These are haK-length portraits 
of the size of life, each painted on a single slab of porcelain. They 
are copies of the well-known portraits by Winterhalter, and 
were executed by order of Louis Philippe, and presented to her 
Mf^esty. These works were commenced before the revolution of 
1848, but not finished until after that event. Louis Philippe 
claimed them as his private property, and they 'jirere surrendered 
to him by the Republican Government; but the portrait of 
Prince Albert had met with an accident, by which it was broken. 
Louis Philippe desired to have another made, but the Queen 
would not hear of this expense being incurred ; and the fracture 
being repaired at Sdvres, the portraits were sent to England and 
delivered to her Majesty. The portrait of her Majesty is by 
A. Ducluzeau, and that of Prince Albert by A. Bezanget. 

Among the splendid collections of paintings and vaa^a ex!KCwv\fc^ 
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by the national manufactory of S(5vres, at the Great Exhibition, 
the most valuable and most worthy of attention and examination 
were the following : — 

The painting of the Virgin, known as the Vicrge au VoilCj by 
Madame Ducluzeau, was copied from the celebrated picture by 
liaffaelle in the Louvre. The porcelain is of the same magnitude 
as the original, and measures 26 inches by 19. This work 
was executed in 1847-8, price 1000/. Another painting after 
Tintoretto, on a plate of porcelain 45 inches high, by Madame 
Ducluzeau, price 880/. A flower subject on a plate of porcelain, 
40 inches high, by M. Jacober, 800/. A portrait of President 
llichardeau, by M. Berangcr, 440/. A portrait of Vandyck, by 
liladame Ducluzeau, 280/. A painting on a plate of porcelain, 
eight inches high, reduced from Eaffaelle's ^^Madonna^" by 
M. Constantin, 100/, 
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CHAPTEE V. ; 

1. Proecoi of thrawing. — 2. Tnraing. — 3. Moalding.— 1. TDnung and : 
Moulding dombined. — 5. Olazing.— 6. Bisqae Jiring. — 7. Orens,- 
8. SimB.o>eiiB.~9. Statistics of pottery. 

J, The brief explanation of some of the, processes by whieh. 
the beautiful produotions of tiiia branch of indusby are obtained, 
which have been given in the preceding pages, will be caiilj^ 
imderstoctd by oil persons who may have had the pleasure ond- 
advantage of visiting any of &e great porcelain-works. For the 
benefit of those who Have not been so fortunate, we sliall here 
give aome more developed eiplanatiouB of the sucoesBion of pro- 
cesses by which tlte raw clay is converted into the finished articlo ; 
in doing which we ahull avail ourselves of some admirably 
executed eketehes, showing the interior of soma of the principd. 
workshops of a porcelain factory, which were prepared under the 
Creation of the lata M. Brongniart, director of the Royal porceloiii ' 
works of Sdvies, andexeented by Mr. Charles. Develey, an ^ortdsti 
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«mx>loyed in the establishment^ who possessed^ according to M. 
Brongniarty in a high degree, the talent of seizing with the greatest 
truth and exactitude the characteristic habits of each class of 
operatives, and their peculiar attitudes and moyements in the 
execution of their work. 

It will be remembered that the materials out of which the 
pottet produces the artlcleB of his fabrication are 1** kaolin, or 
<ihlna clay, and 2° flinty, The former ingredient, as has been 
already explained, is prepared by the clay merchant in Cornwall, 
:<^r whatever other placate clay is found, and is delivered to the 
potter ready to be mixed with the Hint earth. But the latter is 
prepared from the natural flints in the potteries by the following 
prooesa: — 

The flint stones are flrst calcined, and this is eflected in a kiln 
similar to that used for lime-burning. These stones are separated 
by alternate layers of coal, and the burning usually occupies about 
twenty-four hours. The flints are then very white and very brittle, 
and ready to be crushed by the ** stamper," a machine composed 
ef upright shafts of wood, six feet long, and about eight inches 
square, heavily loaded with iron at the lower end, which, by 
means of applied power, are made to rise and fall in succession on 
the flints, contained in a strong grated box. It is then removed 
to the grinding vats, which are from twelve to fourteen feet in 
diameter, and four feet deep, paved with chert stone, large blocks 
ef which, being also worked round by arms connected with a 
central vertical shaft, propelled by an engine, become a powerful 
grinding medium. This peculiar stone is used because of its 
chemical affinity to the flint, which, therefore, sufiers no deterio- 
ration from the mixture of the abraded particles, which necessarily 
lesults from the friction, a matter of serious moment. > In these 
vats the flint is ground in water until it attains the consistency of 
thick cream, when it is drawn off and conveyed by troughs into 
the washing chamber. Here it undergoes a frirther puriflcation ; 
more water is added, and it is kept in a state of gentle agitation, 
l>y means of revolving arms of wood, thus keeping ^e ^er 
particles in suspension while the liquid is again drawn away in 
pipes to a tank below. The sediment is afterwards re-ground. 
The cleansing process is not yet complete, for twhen the fluid has 
passed into these tanks, to about half their depth, they are filled 
lip with water, which is repeatedly changed, imtil it is considered 
sufficiently flne, and free from all foreign matters : it is then fit 
for use. , . 

The next process consists in mixing the clay with the flint. 
This is accomplished by mixing both with water, so as to give 
them a creamy oonsistencv, and to convert them into what the 
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ipotters teclinicaUy call sltp. For this purpose the two slips, that 
of clay and that of flint, are successively run off into the blending 
reservoir, against the inner side of which are " gauging rods," 
by which the necessary proportion of each material is regulated. 
!nie mixture is now passed into other reservoirs, through fine 
sieves on "lawns," woven of silk, and containing 300 threads to 
the square inch. A pint of slip of Dorsetshire or Devonshire clay 
weighs 24 ounces, of proper consistence ; of Cornish clay 26 ounces ; 
and of flint 32 ounces. ■ Finally, the slip is conveyed to a scries 
of large open kilns,, heated underneath by means of flues, and 
about 9 inches deep. The excessive moisture is thus evaporated, 
and in about twenty-four hours the mixture becomes tolerably 
firm in substance. It is then cut into large blocks and conveyed 
to an adjoining building to undergo the process of "milling." 
The mill is in the form of a hollow cone, inverted, with a square 
aperture or tube at the lower part. In the centre is a vertical 
^aft, set with broad knives. When this shaft is in action (worked 
by steam power), the soft clay is thrown in, and forced do^^nwards, 
being alternately cut and pressed until it exudes from the aperture 
at the bottom, in a perfectly plastic state, and ready for the hand 
of the potter.* 

The paste thus prepared would serve for the purposes of manu- 
facture, but it is found that it may be considerably improved by 
leaving it for an interval, more or less protracted, several years for 
example, stored in damp vaults or cellars. It suffers a sort of 
rotting^ becomes black, and evolves an offensive odour of the gas 
«aUed sulphuretted hydrogen. These effects are easily explained. 
The ;paste, as prepared, always , contains a proportion, however 
minute, of organic matter, which the previous preparation has 
failed to extricate from it. This matter by the influence of the 
humid air, undergoes a spontaneous combustion, and acting upon 
^omc^ traces of sulphates, which also remain as unextricated 
impurities in the paste, transforms them into sulphurets, and 
accordingly sulphuretted hydrogen is evolved. 

The utility of all these processes, by which the minutest 
particles of organic matter are disengaged from the dough, will be ' 
imderstood when it is considered that even the presence of a single 
hair in the dough would be sufficient to spoil completely an article 
of porcelain ofgreat beauty and value ; for the organic matter thus 
buried in the material being decomposed by the action of the 
ovens, a gas would be developed which would produce air-bubbles 
or even cracks in the atticle. 

To work the paste, when ready for thb manufacture, it is once 
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more tempered by the potter, who for that purpose divides it into' 
balls of convenient size , which he slaps with great force upon his 
table. The last air-bubbles are expelled from the dough by this 
process. 

The formation of the dough into the fabricated article i» 
effected, either by the processes of throwing and turning on tho 
wheel, or by moulding, the latter being effected either hj pressure 
or by casting. 

The process of forming the article on the potter's wheel has. 
been briefly explained in a former chapter. It wiU be more- 
clearly comprehended by the aid of M. Develey's sketch of tho- 
thrower and turner's shop, represented in fig. 28 at the head of 
Chapter III. 

A baJi of dough is given to the thrower, a, of sufficient magni^ 
tude for the piece intended to be made. He places it on the 
centre of the circular plaster disc, which is attached to the top of his 
wheel, and which revolves with the wheel. By the dexterous appli- 
cation of his hands and fingers, tho ball of dough passing through 
a succession of forms assumes ultimately that which is desired. 

Some idea may be fbrmed of this most ancient and charac- 
teristic operation of the potter's art by the aid of the diagrams^' 
fig. 29 to fig. 34. 

Let it be supposed that the shape of the vase to be formed is 
that represented in fig, 29. It will then be produced in two 



Fig. 29. 
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separate pieces, d and e, which after being formed on the wheel 
must be united and attached one to another by that general 
dement of the potter callfed SLIP. " . . 

A ball of dough, b, fig. 30, sufficient to produce the lower part 
D, fig. 29, being placed on the wheel and put in rotation, is shaped 
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by the hands and fingers of the thrower, assuming successively 
the forms, c, fig. 31, and p, fig. 32, the shape of the hoUoTV patt 
or interior being indicated by the dotted line. The traces of the 
lingers appear in the spiral lines, d s. The circular disc forming 
the top of the wheel is represented at g. 

The bail of dough, A, ^g. 33, aftx;r similar manipulation, takes 
the form, E, fig. 34. The parts D and E being united, the super- 
fluous part of the dough is turned off so as to give the desired 
form to the external sm*face. 






. The peculiar attitude of the arms of the thrower, which is well 
represented in fig. 28, will bo observed to bear a close resemblance 
to that represented in the ancient Egyptian drawing, fi^. 5. 
. 2. When the thrown ware, as it is called, which is thus pro- 
duced, has been rendered sufDciently consistent. by spontaneous 
air drying, it is transferred to the hands of the turner, who is 
represented at b, fig. 28, and who works at a wheel similar to the 
ordinary potter's wheel. This operative, by means of a cutting 
tool, renders the form of the article more exact and true, and 
shaves off all roughness and inequalities by a process precisely 
similar to that of turning with the ordinary lathe, only that in the 
present case the axis of the latlie is vertical, and the circular 
motion imparted to the article horizontal. The shavings which 
are detached in this process are mixed with Iresh paste, to which 
they impart peculiar qualities. 

Yarious tools and accessories appear in the figure, such as the 
gauge compasses, calipers, c, by which the diameter of the vase at 
different points is measured, the working drawing, dy which, gives 
him both the profile and the dimensions, the latter being from' time 
to time verified with the calipers. 
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3. The moulder's shop is represented in fig. 35, at the head of 
Chap. IV. 

The work of the moulder consists of two processes; firai, to 
impart the desired form to the piece ; and secondly^ to adapt and 
attach to the principal piece its various accessories, which are sepa- 
rately moulded or cast, such as handles, spouts, ears, &c. 

The operative. A, places on a marble slab before which he stands 
a mass of dough which he flattens with a rolling-pin. Each end 
of the pin rests upon a lath by which it is prevented from pressing 
the dough below a certain tliickness, and which also gives it a 
perfectly even motion, so that the cake of dough is not only of 
imiform thickness, but has also a perfectly even and imiform 
surface. This uniformity of surface on the under side it receives 
by pressure on the slab, and on the upper side by the regulated 
action of the roller. 

Under the cake of dough, and between it and the slab, is pre- 
viously spread a cloth, 6, upon which it rests. By means of this 
cloth the operative is enabled to raise the dough from the slab 
without deranging its form. 

The operative, b, having received it from a, thus supported by 
the cloth 6, jilaces it upon the mould, which, as here represented, 
will produce the inner or concave surface of a vase or cup, having 
a sort of fluted form. "When the mould is completely covered 
with the dough, the operative, c, presses the dough strongly upon it 
with a sponge, so as to force it into exact contact with the most 
minute cavities of the mould. To accomplish this the more easily, 
the mould is placed upon the circular slab, p, supported on a 
vertical pillar, /, with which it turns freely, so that every side of 
the article to be moulded is brought successively under the hand 
of the operative. 

Plates, dishes, and saucers, and in general the class of articles 
denominated "flat ware," are -mode from moulds, by which the 
inside or concave surface, of the- article is formed. The form is 
imparted to the convex surface by means of profiles usually made 
of fired clay and glazed; After the proper convex fotrm is given 
by the turner c by means of the profile, the mould, with the 
artiole still upon it, is taken tp the hot-air chamber, where it 
remains till it is tolerably dry. i It is then brought back to the 
turner c, and the profile is again passed over it, by which the 
inaccuracies of form consequent upon shrinkage are corrected. 

The operative, g, has just moulded or cast a haftdle- from 
which he is removing tiie superfluous and exoresoent • psrts 
with a tool, and cleaning out its cavities. He is about to attaeh 
it to the vase, as he has already done with the other hafndle. 
This he aooomplishes by moisteniogi with the creinii^ liqnid 
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ealled Mp, the stirfiuies to be united. Thu lUp acts as a oement, 
beooming almost immediately herd enough to retain the handle ia 
ite phioe. 

A Dumber of Jutndles ready monlded or oast are lying on the 
slab beside », ready to bo attached to umilar artideB. Yarious 
plaster monldf appear on the flom- near the table. 

Ihe oonvex snrfoce of th« artiole to be moulded is produced is 
like moiinei', by preadng a eonoave mould upon it. Some of tbeM 
concave moulds appear on the floor. 

The process of moulding by casting has been explained in tbe 
case of Btetuaxy potoelain. 

4. The operations of the thrower and moulder are sometiine* 
ubridged by combining them. The apparatus lepresented in, 
Sg. 36 supplies an example of this. 




It amustB of a porte-oalibre, X, and a copper bar, ilk', whieh 
pl^B on a hinge or pivot, at one extremity, and is supported on a 
frame, hh', of Tood solidly attached b> the table of the wheel. It 
is raised and lowered by turning it on the hinge, (, and when 
lowered is supported on the upright b' at t'. The porte-oalibre 
slides on this, ite motion being regulated by a groove. To this is 
atliached by scrows tlie " calibre," or profile, c, which is formed to 
oorrespond \rith the shape and mouldings of the article to be 
prodneed. 

The mould which gives the form to one side of the artdole, 
(sapposa for example the 'ooncaTC or upper surface jif a plate,] being 
attached to fho disc of the potter's wheel, a ooke of dough of the 
proper magnitude and thickness is laid over it, and pressed upon 
it by a wet sponge, so as to cause it to apply itself olosely at eToy 
part to tile snr&ce of tlie mcnld. When this is aooomplished llie 
obbra or pndle is lowraed gradually upon it, and the iriwd 
being- put in revolution, the oonvex aide or bottom of dm plate 
reooTas ita ima in the same manner as an object placed in the 
ahaak of a tamer's lathe is shaped by a cutting tool guided by 
attide>reat. 
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By this process tiie article receives a perfectly uniform thibkhees 
) and diameter, the edges being subsequently rounded on the wheel 
in the usual way. 

5: Ware which has received its proper forms by the processes 
above 'described and which has been to a certain degree hardened 
by air drying or exposure to a high artificial temperature, is i|i 
<what is called by potters the green state. It is completely dry, 
aH moisture being perfectly expelled from it, but is still verj' 
porous, so that it would readily imbibe water or other liquid 
which might be poured into it, or in which it might be immersed. 
It is in this state that the process of glazing, already described, 
must be executed. 
. ' > The materixds comprised in the various glazes commonly used 
for china and earthenware are— Cornish stone, flint, white lead, 
glass, whiting, &c. These, having been ground together in proper 
proportions to the consistence of milk, form the glaze. The 
process is eflfected in large buildings termed " dipping-houses " 
(china and earthenware being kept separate), fitted up with tubs 
for the glaze, and stages for the reception of the ware when 
dipped, upon which it is dried and heated, generally by means of 
a large iron stove or ** cockle," from which iron pipes, extending 
in various directions, convey the heat throughout the whole 
extent of the "houses." Each dipper is provided with a tub of 
glaze, in which he immerses the bisque ware. "We may note the 
results of practice and experience in imparting a facility and 
dexterity of handling, so necessary to perfection in this process, 
'Tho ware is held so that as small a portion as possible shall be 
oovered by the fingers ; it is then plunged in the glaze, wl4oh, by 
a dexterous jerk, is made not only to cover the entire pieee» but, 
at the same time, so disperses it, that an equal and lev:el portion 
is disposed over the whole surface, which, being porous, imbibes 
and retains it. The ware is handed to the dipper by a boy, and 
another removes it when dipped to the drying pi: ** liot-house." 
The glaze is opaque till fired, so that the design pf pattern 
executed on the bisque id completely hid, after dipping, till they 
have been submitted to the glost fire. An able workman will dip 
about seven himdred dozen plates in a day.* 

The dipping house is represented in ^^ 87. The dippers, a, and 
B, immerse unglazed plates in the vessel containiog the glaze, 
which, as already explained, is. a creamy liquid in which the 
vitrifiable matter is mixed, and held in suspension^ just, as mud is 
in water. When the plate is withdrawn from the glaze it is held 
over it so as to allow all the liquid not absorbed by the plate to 
drip off", as represented in the case of the dipper B. 

♦ Catalogue of the Great Exhibition, 725. ■ 
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The fcnudes c and a ofe etnployfid in ^^i^tw^'hing &(mi artiolds 
whioli have been dipped the parts of the glaze VMch are reduib- 
dout. Thus c scrapes off, with a hladed tool, a portion of tlie glaze 
-where it is Ux thick, or where it remains attached to the nvfooe 
in round drops called teari. The other, s, removea vith a bniah 
■at tt piece of felt the glaze from the circular ring at the bottom of 
a plate, that being the part on which it stands when placed in 
the oren. If thia precaution wero net taken, the plate would 




isof the portion, of glaze on this circular 



adhere to the oven bvi 
edge whan vitrified. 

When the articles are thiw prepared, they are put into an oren 
frIiQre they aro exposed to a temperature which yilrifiea the glaze 
:upon tlkeir anrbco. 

It is necessary that the glaze thus applied to the article ihoiild 
.be such as will ■vitrify at a tempetatuie lower than that which 
would soften the paste of which the artiole is made, and thus 
deform the article itself. 

In the fignre are seen sereral tools and utensils oaed in the 
, process of glazing. Thus 3 is the wooden grating upon which the 
).artiole is left to diip after being withdraw? from ,thc glaze ; t is a 
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sieve vbioh is naed to stmia off any solid iinpimties irhiok may be 
aeen floatiiig in the glaze ; p is &e spatula osed from time to time 
to agitate the glme so as to prevent the pulveruleut matter biu- 
peaded in it from snbsiding, and to mointaiiL it of an oniibna 
consistenoj. A bottle, b, contoiiu vinegar, whioti is miied in a 
oerUdn proportion witit the glaze i a small onp, c, cnntoiuing liquid 
^aie is placed near the fetaole D, vho dipping a brash in it 
retmiches all parts of the article on which tlia glaze is too thin or 
altogether wanting. 

6. When the wares have been prepared for the final process of 
hailing, which is called technically bisque ^ring, they are carried on 
boaids as represented in fig. 43, to the "green-house," so called from 
itabwng the receptacle for ware in the "green" or unfired state. It 
is here graduaUy dried for the ovdns : when ready, it is carried to 
the " saggcr-house," in immediate connexion with the oven in 
which it is to be fired, and here it is placed in the " saggers : " 
these ere boxes made of a peculiar kind of clay (a native 
marl), preTioosly fired, and invisible at the heat required for 
tiie ware, and of form suited to the articles they ore to mn- 
tain. A little dry pounded fiint is scattered betveen tbem, 
to prevent adhesion. The purpose of the logger is to pro- 
tect the ware from the flames and smoke, and also tar its 
seourily irom breakage, as in the day. state it is exoeedingly 
brittle, tuid when dry, or wh^ 
^^^^- is called "white," requires great 

I care in the handling. A plate 
sa^<>r will' hold twenty pUtes, 
oed one on t^ otiier, of earthen 
re ; but china plates are fired 
separately in " setters " made of 
their respective forms. The " set^ 
ters" for china plates and dishes 
answer the same purpose as thu 
" saggers," and are made of the 
same clay. They take in onedishoi 
plate each, and are " reared" in the 
ovenin "bungs" one on the other. 
In fig. 38 u represented a. pile of sa^iers containing plates. It 
will be perceived that in this case each sagger consists of two 
parts, one, ( E, oylindncal, and the ether, > t, having a form ocRe- 
sponding to tiiat of the plate, the rim, at the bottom of whi<& rats 
upon it. These sobers are placed one over the other, so aa to 
form a vertical pile. 

It will be evid^t, fr^nn what has been here explained, that 
the magnitnda, form, and internal- ttmetore of the saggets 
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miut Tuy vitik &Me of the articles whioli they ore intended to 
oontain. ' 

The dispositioD. aiui arrangempTit of the piles of mggeia in the 
oven aie lepresented in ig. 39, sotne of the piles bsing represented 
in section, to show the amtngenicnt of iJie artioles vithin thtj 
saggers, 

Tlte process of baking highly decorated ornamental artioles in 
poroeloia is a process tequiring much greater precaution, and a 
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different sort of apparatos It is usually effected by means of 
^lecial &Tnaces and saggers, of which an e]cample is presented in 
fig. 40. The fiimaco is constructed in bro-cluy or oost-iron, and 
the fire is regulated m it with the greatest care Trial pieceit 
are -from time to time taken from the opening, v, by which t}ie 
o&et of the firing on the several colours is ascertomed 

7. ■ The horela in which the ovens are bililt form a very peculiar 
and striking feature of the pottery towns, and forcibly arrest t^e 
attention and excite the surpriBc of the stranger, resembling as 
they dlcedy do a succession of gigantic l>ee-hives. They are con- 
structed of bricks, about 40 feet diameter, and 35 feet high, witJr 
an.apeitnro at the top for the escape of the smoke. The " OTens" 
nee of a umilar form, about 22 feet diameter, and &om 18 t« 21 
feet hi^, heated by fire-plaoes, or "mouths," about nine in 
number, built externally annmd them. Floes in connection with 
;e imdcr Hba bottom of the oven to a central (Renins, 
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.irawing- &e flames to tbis point, where they enter tite'OTen-: otlier 
ttucB, termed " bags," ■pass np 
the internal tides to the height 
uf about four feet, thna cosreyii^ 
tlie flames to.the upper part. 

"When "Betting in" the OTtti, 
the firemen enter by an opening 
in tho side. Dairying the- eaggers 
A'ith the ware placed as described: 
■ these arc piled one upon ajiothcr 
I from bottom to top of the oven, 
re being taken to arrange them 
BO tliat they may reeeivc the 
beat (which Tories in different 
parts] most snited to tb« article:^ 
they contain This being oon- 
tmued till the orcn is filled, the 
aperture is then bricked up : 
tho firing of earthenware bisque 
continues sixty hoars, and of 
(.hina forty-eight 

The quanti^of ooala naoetsarj- 
for a "hisqne" ores is from IB 
n from 4J to 6 tons, 
e is allowed to cool for two days, when it is drawn in 
the state technically termed "bisonit," or bisque, and is thai 
ready for "glazing," exocpt when required for printing, or a 
common style of painting, both of which processes are done on 
the "bisque" prior to being "glazed." 

8. A porcelain oven of three stages, used in tlic S^Tres mann- 
faetory, is represented in fig. 41 and fig. 42, the former being flie 
exterior view, and tho latter a vertical sectioa by a [dane limiigb 
ita centre. Each of the lower stages, L and L', is heated 1^ finlr 
iiimaoes, from whii^ the flame and heated air is drawn into ' Ihe 
oven through the flues g. i'ire-doors of plate-iron are prorided, 
iy wliich tlie mouths of the f umaocs and ashpits can bo ' closed 
or opened at pleasure. 

When the several stages of the ovens arc charged vith thi- 
wares to he baked, the firing is eondacted so as to raise the 
temperature by alow and regulated gradation. The iireR, at first 
moderate in their force, ore constantly augmented for from 
sixteen to twenty hours. When tho oven is thus well heated, "ttie 
great firing is commenced by giving full charges of iuel to all the 
furnaces. The oven itself, which is cylindrical below, terminating 
in a coniqal roof with an opening at top, governed by a regulating 




o 20 tons ; for a 
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jdotG «r (lamper, f , diE«bargcs the functions of a chitime;', so tlmk ' 
the. oorrents of flame and heated oir drawn from the fiunaces 
mvtnUy eatering the oven, ciroulato around the wore with 




wHoh it is chained, tmd I'ismg to the conical roof, n a, escape at 
the opening (. The current passes, from stage to stage through 
orifiosB, e, c, c, formed in tltc flooring for that purpose. 

The great firing which completes the process of baking is 
maintained for ten or twelve hours. 

ThQ oven is built with fire-bricks, hound by bracings of iron, as 
represented in fig. 41. In each stage thurc is provided a door, p, 
IJirongli which the charge and discharge is made, and whieh 
during dio proriees of baking ia walled np witli brickwork. Jn 



THE potter's art. 

this brickwork small holes, m m, are left, through which the oven- 
man from time to time takes out trial-pieces, which are pieces of 
•clay of known quality, and which indicate by the effect produced 
upon them the progress which the baking has made. When the 
appearance of these trial-pieces shows that the firing has been 
sufficiently continued, the furnace and ashpit doors and the 
damper t are closed, and the oven, with its charge, is left to cool 
gradually for twenty-four or thirty hours. It is not necessary to 
delay the withdrawing of the pieces from the oven until tiiey 
have become quite cold ; but the sudden alteration of temperature 
would occasion them to crack if they were taken out while their 
heat was greatly above that of the atmosphere. 

Some potters are occasionally tempted, when the furnace contaias 
articles of small value, to risk the damage here mentioned, and to 
withdraw tlie saggers with their contents without delay, their object 
being to profit by the heat of the furnace either for introducing a new 
charge, or for drying a fresh set of saggers. No one, however, would 
be so improvident as to expose the finer descriptions of porcelain to 
this hazard, in order to gain any such immaterial advantage. 

From the similarity of its appearance to well-baked ship bread, 
the ware is now called biscuit. Its permeability to water when in 
this state fits it for being employed in cooling liquids. If pre- 
viously soaked in water, the gradual evaporation from its surface by 
means of the air, causes an absorption of heat from the surrounding 
atmosphere, which is again supplied by neighbouring objects, 
until an equilibrium of temperature is restored. 

9. As there are no excise or other regulations affecting the manu- 
facture of earthenware, there are no official documents or records 
by which the actual extent of the manufacture can be ascertained 
with precision ; but it is estimated that at the Potteries alone the 
value of the earthenware produced annually is about 1,700000/., 
and that the value of the manufactures of Worcester, Derby, and 
other parts of the country, may amount to about 750000/., making 
a total annual value of 2,450000/. 

The value of the gold consumed annually at the Potteries in the 
ornamentation of porcelain is 36400/., and, since about haKthat 
amount is consumed in the other seats of the manufacture, it may 
be stated that the total value of the gold used annually in England 
in this manufacture is about 54600/. 

The quantity of coals consumed annually at the Potteries is 
468000 tons, and, about half that amount being consujned in 
other factories, it may be stated at about 700000 tons — an 
amount equal to what is consumed in working all the railways of 
the United Kingdom.* 

* Sec Lordner's Railway Economy, p. 83. 
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POTTERY STATISTICS. 

It appears from the official reports that, in 1841— the latest 
year in which official returns have been made public — ^the declared 
value of the earthenware exported, was. 600759/. ; in 1837 the 
declared value was 563238Z.. In the four years ending 1841, an 
increase, therefore, took place in this export trade of 37521/. 
upon 563238/. If this same rate of increase only has been main- 
tained since 1841, the present annual export trade must have a 
declared value of a million sterling. 

But, since the declared is known to be on an average one-fourth 
less than the true value, we may assume that the present total annual 
amount of the export trade in earthenware is about 1,300000/. 

The proportion in which this enormous export is distributed among 
the different countries of the world is exhibited in the following 
table. In the second column is given the proportion of every 100/. 
value exported received by each of the countries named in the first 
oolumn, and in the third column is given the number of pieces of 
ware out of 10000 received by each country respectively : — 



Countries. 



United States .... 
North American British colonies 

Brazil 

British East Indies 
British West Indies 
German States 

Holland 

Foreign West Indies 
Australian colonies 
Denmark .... 
Italy and Italian islands 
Sumatra, Java, and Indian islands 
Spain and the Balearic islands 
Western Africa 
Gape of Good Hope 
Channel Islands 

Turkey 

Russia 

All other countries 

Total .... 



Per Cent, of 

the total 

Value. 



37-58 
6-95 
6-86 



•00 
•42 
•28 
•11 
•60 
■69 
•31 
•25 
•39 
•08 
0^85 
0^79 
0^69 
0-67 
0-65 
14^43 



6' 

4 

4- 

4' 

3' 

2' 

2' 

2- 

1' 

1 



100^00 



Per 10000 of 

Number of 

PieoBS. 



3560 

778 

1010 

310 

387 

401 

397 

396 

216 

267 

145 

168 

145 

73 

64 

66 

66 

40 

1633 



10000 



It appears from, this table that the United States is our great 
foreign customer for this manufacture, taking in value 37^ per 
cent., and in quantity 35^ per cent., of our entire export. Of the 
remainder, our Nortii American colonies, Brazil, and India, take 
18 per cent. 



ra[B potter's art. 

• Til 1841, our export in this manufacture formed about 30 per 
cent, of its estimated total value. We have no returns later, but 
it is probable tiiiat at present the export forms a much larger pro- 
portion of the entire value fabricated. 
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LOCOMOTION AND TRANSPORT. 

1. The art by wWcli the products of labour and tbougbt, and 
the persons who labour and think, are transferred from place to 
place, is, more than any other, essential to social advancement. 
Without it no other art can progress. A people who do not 
possess it cannot be said to have emerged from barbarism. A 
people who have not made some advances in it, cannot yet have 
risen above a low state of civilisation. Nevertheless, this art has 
, been, of all others, the latest in attaining a state of perfection, so 
late, indeed, that the future historian of social progress will 
record, without any real violation of truth, that its creation is one 
of the events which have most eminently signalised the present 
age and generation. For, although transport by land and water 
was practised by our forefathers, its condition was so immeasurably 
below that to which it has been carried in our times, that a more 
adequate idea of its actual state will be conveyed by calling it & 
new art, than by describing it as an improvement on the old one. 

2. But if human invention has been late in directing its powers 
to this object, it must be admitted to have nobly compensated for 
the tardiness of its action by the incomparable rapidity of 
advancement it has produced, when once they have been brought 
into play. Within a hundred years, more has been accomplished 
in facilitating and expediting intercommunication, than was effected 
from the creation of the world to the middle of the last century. 
This statement may, perhaps, appear strained and exaggerated, 
but it will bear the test of examination. 

3. The geographical conditions of the world, the distribution of 
the people who inhabit it, and the exclusive appropriation of its 
natural productions destined for their use to the various countries 
of which it consists, have imposed on mankind the necessity of 
intercommunication and commerce. Commerce is nothing more 
than the interchange of the productions of industry between people 
and people. Such interchange presupposes the existence of tiie 
art of liansport by land and water. In proportion to the per- 
fection of this art will be the extent of commerce. 

A people incapable of communicating with others must subsist 
exclusively upon the productions of its own labour and its own 
soil. But nature has given us desires after the productions of 
other soils and other climates. Besides this, the productions of 
each particular soil or country are obtainable in superfluity. 
They are infinitely more in quantity than the people by whom 
and amidst whom they are produced have need of; while other 
and distant peoples are in a like situation, having a superfluity of 
some products and an insufficiency or a total absence of others. 
The people of South Carolina and Georgia have a superfluity of 
cotton, the people of the West India Islands have a superfluity of 
2 



ADVANTAGES OF TBANSPOET. 

coffee and tobacco, the people of Louisiana have a superfluity 
of sugar, the people who inhabit the vast valley of the Upper 
Mississippi and Missouri have a superfluity of com and cattle, the 
people of civilised Europe have a superfluity of the products of 
mechanical labour, those of France have a superfluity of silk 
goods, those of England of manufactured cotton, pottery, and 
hardware. Each of these various peoples is able aad willing to 
supply the others with those productions in which themselves 
abound, and to receive in exchange those of which they stand in 
need, and which abound elsewhere. 

4. But, to accomplish such interchanges, means of transport nmst 
be provided, and this transport must be sufficiently cheap, speedy, 
safe, and regular, to enable these several productions to reach 
their consumers, and be delivered on such terms and conditions 
as win be compatible with the ability to purchase them. 

5. Among the advantages which attend improved means of 
transport, one of the most prominent is that of lowering the price 
of all commodities whatever in the market of consumption, and 
thereby stimulating production. The price paid for an article by 
jits consumer consists of two elements : 1st, the price paid for the 
article to its producer at the place of its production ; and, 2ndly, 
the expense of conveying it from that place to the consumer. In 
this latter element is included the cost of its transport and the 
commercial expenses connected with such transport. These last 
include a variety of items which enter largely into the price of the 
commodity, such as the cost of transport, properly so called, the 
interest on the price paid to the producer proportionate to the time 
which elapses before it reaches tiie consumer, the insurance against 
damage or loss during the transport. This insurance must be 
paid directiy or indirectiy by the consumer. If it be not effected 
by those who convey the commodity to the consumer, the value of 
the goods which may be lost or damaged in the transport wiU neces- 
sarily be charged in the price of those which arrive safe. In either 
case the consumer pays the insurance. There are also the charges 
for storage, packing, transhipment, and a variety of other com- 
mercial details, the total of which forms a large proportion of the 
ultimate price. 

In many cases, these expenses incidental to transport amount 
to considerably more than half the real price of the article ; in 
some they amount to three-fourths or four-fifths, or even a larger 
proportion. 

6. Let us take the example of raw cotton produced on the plains 
of South Carolina or Georgia. This article is packed in bales at 
the place of production. These are then transported to Charleston 
or Savannah, whence they are exported to liverpooL Ait^:?5[Ya.^ 
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at Liverpool, they are transferred upon the railway, by which they 
are transported to Manchester, Stockport, Preston, or some other 
seat of manufacture. The raw material is there taken by the 
manufacturer, spun into thread, woven into cloth, bleached and 
printed, glazed, and finished. It is then repacked, and again 
placed on the railway and transported once more to Liverpool, 
when it is re-embarked for Charleston or Savannah, for example. 
Arriving there, it is again placed on a railway or in a steam-boat, 
and is transported to the interior of the countiy, and finally returns 
to the very place at which it originally grew, and is repurchased by 
its own producer. Without going into arithmetical details, it will be 
abundantly apparent how large a proportion of the price thus paid 
for the manuleiotiired article is to be placed to the account of the 
transport and commercial expenses. The article has made the 
circuit of almost half the globe before it has found its way back in 
its manufactured state. 

7. The products of agricultural labour have, in general, great 
bulk with proportionately small value. The cost of transport has 
oonsequenlly a great influence upon the price of these in the market 
of consumption. Unless, therefore, this transport can be effected 
with considerable economy, these products must be consumed on 
the spot where they are produced. 

Li the case of many animal and vegetable productions of 
agriculture, speed of transport is as essential as cheapness, for 
they will deteriorate and be destroyed by the operation of time 
alone. Without great perfection, therefore, in ^e art of trans- 
port, objects of this dalss must necessarily be consumed in the 
immediate neighbourhood of the place where they are raised. 
Such are, for example, the products of the dairy, the feurm-yard, 
and the garden. 

8. In countries where transport is dear and slow, there conse- 
quently arises great disadvantage, not only to the rural, but also 
to the urban population. While the class of articles just referred 
to are at a ruinously low price in the rural districts, ikej are at a 
ruinously high price in the cities and larger class of towns. In the 
country, where they exist in superfluity, they fetch comparatively 
nothing : in the towns, where the supply is immeasurably below 
the demand, they can only be enjoyed by the affluent. 

But if sufficiently cheap and rapid means of transport be pro- 
vided, these productions find their way easily to the great centres 
of population in the towns, and the rural population which produces 
them receives in exchange innumerable articles of use and luxury 
of which they were before deprived. 

9. France, one of the most civilised states of Europe, exhibits a 
deplorable illustration of this. Notwithstanding the fertility of 



ITS INFLUENCE ON PRICES. 

her soil, the niunber, the industiy , and intelligence of her popu- 
lation, the products of every description, animal and vegetable, 
which abound in her territory, yet, from the absence of sufficiently 
easy means of intercommunication, these advantages have been 
hitherto almost annihilated. All these productions, in the place 
where they are raised, can be obtained at a lower price than in 
most other countries ; and yet, in consequence of the cost of 
transport, they would attain, if brought to the place where they are 
in demand, a price which would amount to a prohibition on their 
consumption. From this cause the industry of France has long 
been to a great extent paralysed. 

10. In some cases the price of an article at the place of consump- 
tion consists exclusively of the cost of transport. An article has 
frequently no value in the place where it is found, which never- 
theless would have a considerable value transported elsewhere. 
Numerous instances of this will occur in the case of manures used 
in agriculture. Every reduction, therefore, which can be made in 
the cost of the transport of these, will tend in a still greater 
proportion tp lower their price to those who use them. 

Cases even occur in which the cost of transport is actually 
greater than the price paid for an article by the consumer. This, 
which would seem a paradox, is nevertheless easily explained. 
An article in a given place may be a nuisance, and its possessor 
may be willing to pay something for its removal. This article, 
however, transported to another place, may become eminently 
useful, and even be the means of stimulating profitable production. 
The cleansing the common sewers of a city aJSbrds a striking 
example of this. The filth and offal which are removed are a 
nuisance where they exist, and may even be the cause of pestilence 
and death. Transported, however, to the fields of the agriculturist, 
they become the instruments of increased fertility. Cases may be 
cited where the whole cost of transport will be more than 
covered by the sum paid for the removal of the nuisance.* 

1 1 . Every improvement in the art of transport having a tendency 
to diminish cost, and augment speed and safety, operates in a 
variety of ways to stimulate consumption and production, and 
thereby advance national wealth and prosperity. When the 
price of an article in the market of consumption is reduced by this 
cause, the demand for it is increased : 1st, by enabling former 
consumers to use it more freely and largely; and, 2ndly, by 
placing it within the reach of other classes of consumers who were 
before compelled to abstain from it by its deamess. The i^iorease of 

* In Aberdeen the streets were swept every day, at an annual cost of 
14002., and the refose brought in 20002. a-year. In Perth the scavenging 
cost 13002. per annum, and the manure sold for 17302. 
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oonsnmption from this cause is generally in a larger ratio than 
the diininution of price. The number of consumers able and 
willing to pay one shilling for any proposed article is much more 
than twice the number who are able and willing to pay two 
shillings for the same article. 

But consumption is also augmented in another way by this 
diminution of price. The saving effected by consumers who, 
before the reduction, purchased at the higher price, will now be 
appropriated to the purchase of other articles of use or enjoyment, 
and thus other branches of industry are stimulated. 

12, The improvements which cheapen transport, necessarily in- 
cluding the expenditure of less labour in effecting it, might seem, 
at first view, to be attended with injury to the industry employed 
in the buysine&s of transport itself, by throwing out of occupation that 
portion of labour rendered superfluous by the improvement. But 
experience shows the result to be the reverse. The diminished 
cost of transport invariably augments the amount of commerce 
transacted, and in a much larger ratio than the reduction of cost ; 
so that, in fact, although a less amount of labour is ^nployed in 
the transport of a given amount of commodities than before, a 
much larger quantity of labour is necessary by reason of the vast 
increase of commodities transmitted. The history of the arts 
supplies innumerable examples of this. When railways were first 
brought into operation, it was declared, by the opponents of this 
great improvement (for it had opponents, and violent ones), that 
not only would an immense amount of human industry connected 
with the business of land carriage be utterly thrown out of 
employment, but also that a great quantity of horses would be 
Tendered useless. Experience was not long in supplying a striking 
proof of the fallacy of this prevision. 

13. The moment the first great line of railway was brought into 
operation between Liverpool and Manchester, the traffic between 
those places was quadrupled ; and it is now well known that the 
quantity of labour, both human and chevaline, employed in land 
carriage where railways have been established, has been increased 
in a vast proportion, instead of being diminished. 

Li 1846 there were seventy-three stage-coaches or lines of 
omnibus employed in the transport of passengers to and from the 
several stations of the North of France Bailway, which supplied 
176 arrivals and departures, had 5776 places for passengers, 
and employed daily 979 horses. Li the six months ending 31st 
December, 1846, these coaches transported 486948 passengexft. 

Lnprovements in tranq)ort whidi augment the speed, without 
injuriously increasing the expense or diminishing the safety, are 
attended with effects similar to those which follow from cheapness. 
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14. A part of the cost of transport consists of the interest on the 
cost of production chargeable for the time elapsed between the 
departure of the article from the producer and its delivery to the 
consumer. This element of price is clearly diminished in the exact 
proportion to the increased speed of transport. 

But increased speed of transport also operates beneficially on 
commerce in another way. Numerous classes of articles of pro- 
duction become deteriorated by time, and many are absolutely 
destroyed, if not consumed within a certain time. It is evident 
that such articles admit of transport only when they can reach the 
consumer in a sufGlciently sound state for use ; various classes of 
articles of food come under this condition. 

"WTiile the Houses of Parliament were occupied with the numerous 
railway acts which have been brought before them, a great mass 
of evidence was produced illustrating the advantages which both 
producer and consumer would obtain by the increased cheapness 
and expedition of transport which railways would supply. It 
was shown that the difficulties attending transport by common 
roads affected, in an injurious manner, the grazier who supplied 
the markets with veal and lamb. Lambs and calves were generally 
«ent by the road ; and when too young to leave the mothers for so 
long a time as the journey required, the producer was obliged to 
send the ewes or cows with them for at least a part of the way. 
This also rendered it impossible to send them to market sufficiently 
young, which it would have been advantageous to do, that the 
mothers might feed off earlier. 

15. But, independently of this, the animals of every species driven 
to market on the common roads were proved to suffisr so much 
from the fatigue of the journey, that when they arrived at market 
their flesh was not in a wholesome state. They were often driven 
tiU their feet were sore. Sheep frequently had their feet literally 
worn off, and were obliged to be sold on the road for what they 
would fetch. Extensive graziers declared that, in such cases, they 
would be gainers by a safe and expeditious transport for the animals* 
** even though it cost double the price paid to the drovers," 

Butchers engaged in large business in London proved that the 
cattle driven to that market from considerable distances sustained 
so much injury that their value was considerably lessened, owing 
to the inferior quality of the meat, arising from the animal being 
slaughtered in a diseased state ; that the animal being fatigued 
and overdriven " became feverish, his looks became not so good, 
and he lost weight by the length of the journey and the fatigue." 

16. It was shown further, that even steam-vessels, when they 
could be resorted to, did not altogether remove this objection. Cattle 
arriving from Scotland in steam-veBsels axe io\m<^\si.\i(2r[AQ{vi\j(^\ifo 
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in an unnatural state; ''they seem stupified, and in a state 
suffering from fatigue." 

It is not merely the fatigue of travelling which injures the 
animal, but also the absence from, its accustomed pasture. The; 
injury from this cause is more or less, under different circum- 
stances, but always considerable : in order to obviate this, a large 
portion of the meat supplied to the London market was slaughtered 
in the country, and came in this state, in winter, from distances 
round London to the extent of one hundred miles. In warm 
weather a large quantity of it was spoiled. The transport of calves 
and lambs from a distance greater than thirty miles is altogether 
impracticable by common roads, and even from that distance is 
attended with difficulty and injury. 

To convey these and other live cattle from a great distance, not 
only speed but evenness of motion is indispensable. Kow these 
two requisites cannot be combined by any other means than the 
application of steam-engines upon a railroad. 

The whole of the evidence showed that the supply of animal 
food to the metropolis was not only defective in quantity, but of 
unwholesome quality — comparatively, at least, with what it might 
be, if the tract from which it could be supplied were rendered more 
extensive. 

17. But, forcibly as the evidence bore on this species of agricul- 
tural produce, it was still stronger respecting the produce of the 
dairy and the garden. Milk, cream, and fresh butter, vegetables of 
every denomination, and certain descriptions of fruit, were usually 
supplied exclusively from a narrow annulus of soil which ciroum- 
soribes the skirts of great cities. Every artificial expedient was 
resorted to, in order to extort from this lunited portion of land the 
necessary supplies for the population. The TTnilk was of a quality 
80 artificial, that we know not whether, in strict propriety of 
language, the name milk can be at all applied to it. The animals 
that yielded it were fed, not upon wholesome and natural pas- 
turage, but, in a great degree, on grain and similar articles. It 
will not be supposed that the milk thus yielded is identical in 
wholesome and nutritious qualities with the article which could be 
supplied if a tract of land, of sufficient extent for the pasturage of 
cattie, was made subservient to the wants of such cities. Add to 
this that, inferior as must be xmder such circumstances the quality 
of the milk, there exist the strongest temptations to the seller 
who retails it to adulterate it still further before it finds its way to 
the table of the consumer. 

Since the introduction of transport by railways, we see attached 
to the fast trains, morning and afternoon, numerous waggons 
loaded with tier over tier of milk-cans for the supply of the metro- 
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politan popnlatioii. Milk is thus brought from pastures at great 
distances from the cities where it is consumed. Li Paris the 
benefits of this have been very conspicuous. 

18. The benefits to farmers and landlords, as well as to the inha- 
bitants of towns, by carrying extensive lines of railroad through 
populous districts, connecting them with those places from which 
supplies of food and other necessaries might be obtained, are 
always considerable. The factitious value which tracts of land 
immediately surrounding the metropolis and large towns acquire 
from the proximity of the markets, is thus modified, and a portion 
of their advantages transferred to the more remote districts ; thus 
equalising the value of agricultural property, and rendering it, in 
a great measure, independent of local circumstances. The profit 
of the farmer and the rent of the landlord are augmented by the 
reduced cost of transport, while the price paid by the consumer is 
diminished ; the advantages of centralisation are realised without 
incurring the inconvenience of crowding together masses of people 
within small spaces, and the whole face of the country is brought 
to the condition, and made to share the opportunities of improve- 
ment which are aJOPorded by a metropolis and by towns of the larger 
dass. 

19. Steam navigation aJSbrds many striking examples of like 
advantages obtained in the transport of perishable productions. 

Pines are now sold in the markets of England wMch are brought 
from the West Lidies ; various sorts of fruits are likewise brought 
from the countries on the coast of Europe which could not be 
transported in sailing vessels, as they would not keep during the 
voyage. Oranges are sent in large quantities from the Havannab. 
to New Orleans and Mobile, in the United States : when they are 
brought by sailing vessels, a large proportion of the cargo is lost by 
the destrdction and deterioration of the fruit; when sent by 
steamers, they arrive sound. 

The utility of an article often depends on its place. Thus, what 
is useless at one part of the world will become eminentiy valuable 
if transmitted to another. We have already given examples of 
this in the case of agricultural manures. Others present them- 
selves. Ice at mid-winter in Boston, Halifax, or St. John's, has 
no value ; but this ice, properly packed and embarked, is trans- 
mitted to the Havannah or Calcutta, where a price is readily 
obtained for it which pays with profit tiie cost of the voyage. 

Like all the other effects of improved transport, this reacts and 
produces collateral benefits. The ships thus enabled to go to 
Calcutta laden with a cargo which costs nothing and produces a 
considerable profit, instead of going in ballast, which would be 
attended with a certain expense, return with cai^o^^'^\si^^>^»a^ 
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become profitable in the port from which they sailed, and which 
they cotdd not have brought with profit unless aided by the 
expedient just mentioned. 

20. Important as are improvements in the transport of the pro« 
dncts of industry, they are less so than those which facilitate the 
transport of persons. Here speed becomes of paramount importance. 
In the case of the products of industry, the time of the transport 
is represented only by ike interest on the cost of production of the 
article transmitted. 

In the case of the transport of persons, the time of transport is 
represented by the value of the labour of the travellers, and their 
expenses on the road ; and as travellers in general belong to the 
fluperior and more intelligent classes their time is proportionally 
TBiuable. 

21. When cheapness can be suficientiy combined with speed, 
considerable advantage is gained by the operative classes. 

The demand for labour in the several great centres of population 
varies from time to time, sometimes exceeding, and sometimes 
falling short of the supply. In the latter case, the operative 
having littie other capital save his bodily strength, is reduced to 
extreme distress, nay, often even to mendicancy. 

In the former case, the producer is compelled to pay an excessive 
rate of wages, which falls disadvantageously on the articles pro- 
duced, in the shape of an undue increase of price, and thereby 
checks consumption. But although the equilibrium between supply 
and demand in the labour market is liable to be thus deranged, it 
rarely or never happens that it is subject to the same derangement 
in all the centres of population. Supply is never in excess every- 
where at once, nor is it in all places at once deficient. Improve- 
ments in transport, which will render travelling cheap, easy, and 
expeditious, so as to bring it within the means of the thrifty and 
industrious operative, will enable labour to shift its place and seek 
those markets in which the demand is greatest. Thus, the places 
where the supply is in excess will be relieved, and those where the 
demand is in excess will be supplied. 

22. The extent of soil by which great cities are supplied with 
perishable articles of food, is necessarily limited by the speed of 
transport. A ring of country immediately about a great cajfital, is 
occupied by market gardens and other establishments for supplying 
the vast population collected in the city with their commodities. 
The widtii of this ring will be determined by the speed with which 
the articles in question can be transported. It cannot exceed such a 
breadth as will enable the producto raised at its extreme limit to 
reach the centre in such a time as may be compatible with their 
£tne8s for use. 

10 
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It is evident that any improvement in transport which will 
double its speed will double the radius of this circle ; an improve- 
ment which will treble its speed will increase the same radius in a 
threefold proportion. Now, as the actual area or quantity of soil 
included witldn such a radius is augmented, not in the simple 
ratio of the radius itself, but in the proportion of its square, it 
follows that a double speed will give a fourfold area of supply, a 
triple speed a ninefold area of supply, and so on. Kow great llie 
advantages therefore are, which in this case attend increased 
speed, are abundantly apparent. 

23. So far as relates to the transport of persons, the advantages 
of increased speed are equally remarkable. The population of a 
great capital is condensed into a small compass, and, so to speak, 
heaped together, by the difficulty and inconvenience of passing 
over long distances. Kence has arisen the densely populated state 
of great cities like London and Paris. With easy, cheap, and 
rapid means of locomotion, this tendency, so adverse to physical 
enjoyment and injurious to health, is proportionally neutralised. 
Distances practically diminish in the exact ratio of the speed of 
personal locomotion. And here the same arithmetical proportion 
is applicable. If the speed by which persons can be transported 
from place to place be doubled, the same population can, without 
inconvenience, be spread over four times the area ; if the speed be 
tripled, it may occupy nine times the area, and so on. 

Every one who is acquainted with the present habits of the 
population of London, and with those which prevailed before 
the establishment of railways, will perceive the practical truth of 
this observation. It is not now unusual for persons whose place 
of business is in the centre of the capital, to reside with their 
families at a distance of from fifteen to twenty miles from that 
eentre. Nevertheless, they are able to arrive at their respective 
shops, counting-houses, or offices, at an early hour of the morning, 
and to return without inconvenience to their residence at the usual 
time in the evening. Hence in all directions round the metropolis 
in which railways are extended, habitations are multiplied, and a 
considerable part of the former population of London has been 
diffdsed in these quarters. The same will, of course, be applicable 
to the country which surrounds all other great towns. It is felt 
at Paris, Brussels, Berlin, Dresden, Vienna, and other capitals of 
Europe, just in the same proportion in which they are supplied 
with railway oo^lmunication. 

This principle of diffusion, however, is not confined to the 
towns only. It extends to an entire country when well inter- 
sected by lines of easy, rapid, and cheap communication. 

The population^ instead of being condensed into ma&«&^^ ^& 
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more uniformly diffiised ; and the extent of the diffusion which 
may be thus effected, compatibly with the same degree of inter- 
course, will be, to use on arithmetical phrase, in the direct 
proportion of the square of the speed of locomotion. 

24. The common ayerage of the speed of diligences in France and 
other parts of the Continent is two leagues, or about five miles, an 
hour. The speed of stage-coaches in England, before the esta- 
blishment of railways, did not average eight miles an hour. 
According to the principle just explained, it would follow that the 
same degree of intercourse could be kept up in England in a space 
of sixty-four square miles, which in France could be maintained 
only within twenty-fiye square miles. Since the establishment of 
railways the ayerage speed upon these lines of communication, on 
most parts of the Continent and in America, is fifteen miles an 
hour. By this improvement, so far as it has been carried, as 
compared with diligences, the area of practical communication, or, 
what is the same, of the difiPiision of the population compatible 
with a given degree of intercourse, has been augmented in the 
ratio of the square of five to the square of fifteen ; that is, in a 
ratio of twenty-five to two hundred and twenty-five. In other 
words, the same degree of intercourse can b3 maintained by means 
of the present railways within an area of two hundred and twenty- 
five square miles, as could be previously maintained by diligences 
within an area of twenty-five square miles. 

Bat in England, where the average speed of railway transit is 
much greater, this power of di&sion is proportionally increased. 
Aissuming the ayerage speed on English railways at twenty-five 
miles an hour, which is less than its actual amount, the power of 
intercommunication thus obtained will bear to that obtained qu 
the Continent of Europe where railways are in operation, the 
ratio of the square of twenty-five to the square of fifteen ; that 
is, of six hundred and twenty-five to two hundred and twenty- 
five, or of twenty-five to nine. 

Thus, the English railways afford the same facilities of commu- 
nication within an area of twenty-five square miles as is afforded 
by the continental railways within an area of nine square miles ; 
and thus, by augmenting the speed from fifteen to twenty-five 
miles an hour, the practical convenience to the public is aug- 
mented in the ratio of twenty-five to nine, or very nearly as three 
to one. 

25. The importance of good internal communications in military 

affidrs has long been acknowledged. By the possession of sudi 

means of transport as may enable a body of troops, with their 

arms and ammunition, to be transported promptly and rapidly 

from one part of the country to another, the standing: army, 
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maintained as well for the purposes of order at home as for the 
defence of the frontiers, may be diminished in proportion to such 
facilities. 

Instead of maintaining garrisons and posts at points of the 
country within short distances of each other, it will be sufficient 
to maintain them at such points that they can, at need, be trans- 
ported with promptitude to any other point that may be desired. 
In case of invasion, or any foreign attack on the frontier, by good 
internal communications, the troops quartered throughout the 
interior can be rapidly transferred and concentrated upon the 
point attacked. 

If, however, such improvements in the art of transport facili- 
tate the means of maintaining order at home and of defence 
against a foreign enemy, on the one hand, they also happily, 
on the other, greatly diminish the probability of a necessity for 
such expedients. ** The natural effect of conmieroe," says Mon- 
tesquieu, '' is to tend to and consolidate peace.'' Two nations who 
trade with each other soon become respectively dependent. If 
one have an interest to buy, the other has an interest to sell, and 
a multitude of ties, oommeroial and social, spring out of their 
mutual wants, 

26. Nothing facilitates and developes commercial relations so 
effectually as cheap and rapid means of interconmiunication. 
When, therefore, all nations shall be found more intimately con- 
nected with each other by these means, they will inevitably multiply 
their exchanges, and general commerce will undergo great 
extension, mutual interest will awaken moral sympathies, and 
wiU lead to political alliances. After having for ages approached 
each other only for war, peoples will henceforth visit each other 
for purposes of amity and intelligence, and old antipathies, 
national and political, which have so long divided and ruined 
neighbouring states, will speedily vanish. 

But if, in spite of this general tendency towards pacific progress 
and peace, war should occasionally break out, the improved 
means of intercommunication will aid in bringing it to a prompt 
close. A single battle will decide the fate of a country, and the 
longest war will be probably circumscribed within a few months. 

27. The advantages of good means of communication in the diffu- 
sion of knowledge, and tiie increase of civilisation by intellectual 
means, are not less considerable. While the means of intercom- 
munication are slow, difficult, and costly, great cities have a 
tendency to monopolise intelligence, civilisation, and refinement. 
There genius and talent are naturally attracted, while the rural 
districts are left in a comparatively rude and almost barbarous 
state. With easy and rapid means of locomotion^ home'^^T^^^ 
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best part of the tirbaii population circulates freely tlirough the 
country. This interfusion improyes and civilises the rural 
population. The highest intelligence will be occasionally found, 
both in public and in private, difPiising knowledge and science in 
the remotest villages. We cannot now take up a London journal 
without observing announcements of men distinguished in the 
various branches of knowledge and art, visiting the various towns 
and villages of the provinces, and delivering their lectures on 
science, and entertainments and exhibitions in the fine arts. So 
rapid are the communications, that it is frequently announced that 
ibis or that professor or artist will, on Monday evening, deliver a 
lecture or entertainment in Liverpool, on Tuesday in Manchester, 
on Wednesday in Preston, on Thursday in Halifax, on Friday in 
Leeds, and so forth. 

28. Nor is this all. The aspirations of the present generation 
after the spread of knowledge and the advancement of mind, unsatis- 
fied with a celerity of transmission so rapid by the railway, which 
literally has the speed of the wind, has provoked from human 
invention still greater wonders. The Electric Telegraph for the 
transmission of intelligence, in the most literal sense of the term, 
annihilates both space and time. The interval which elapses 
between the transmission of a message from London and its 
delivery at Paris, Brussels, or Berlin, provided the line is unin- 
terrupted, is absolutely inappreciable. 

This system is now spreading throughout the whole civilised 
world. The United States of America are overspread with a net- 
work of electricity. The President's message delivered at Wash- 
ington, was transmitted from thence to St. Louis, on the confines 
of the state of Missouri, a distance of about 1200 miles, in an hour. 
The news from Europe arriving at Boston by the Cunard steamers, 
is often transmitted to New Orleans, over almost the entire terri- 
tory of the United States from north to south, a distance of nearly 
2000 miles, in less time than would be necessary to commit 
it to paper. Even the small delay that now exist«i arises, not 
from any imperfection in the instrument of transmission, but 
merely from the line of electric communication being inter- 
rupted from point to point, and transferred from one system 
of telegraphs to another, at several intermediate stations. 
After improvements shall remove such delays as these, we shall 
probably see intelligence conveyed in an instant over a quadrant 
of the globe. 

29. But if we would seek for a striking illustration of the effects 
of the rapid transmission of intelligence by the combination of all 
the various expedients supplied by science to art, it is in the practice 
of Journalism that we are to look for them, and more especially in 

J4 



JOURNALISM. 

the great enterprises of the London newspapers. The proprietora 
of a single morning journal are able to maintain agencies, for 
the transmission of intelligence to the central office in London, in 
all the principal cities of Europe , besides roving correspondents 
wherever the prevalence of war, revolution, or any other public 
event excites a local interest. These various agents or " corre- 
spondents " as they are called, not only transmit to the centre of 
intelligence in London regular despatches by the mails, but also, 
on occasion of emergency, by special couriers. 

These despatches are first received by an agent at Dover, by 
whom they are forwarded to London by a special messenger. 
But in cases where intelligence arrives of adequate importance, it 
is transmitted from the principal continental cities direct to 
London, in an abridged form, by the electric telegraph, thus 
anticipating the detailed despatches by many days. Within two 
hours of its arrival the intelligence is in the hands of the London 
public. 

That portion of the journal intended for the provinces is sent to 
press at 3 a.m. ; and by the activity of the editors, reporters, and 
compositors, all of whom work during the night, it includes not 
only the detailed reports of the Houses of Parliament, which often 
sit to a late hour in the morning, but also the foreign news, as 
above explained, by electric telegraph. This earliest impression 
is printed and delivered to the newsvenders, in sufficient time to 
be despatched to the provinces by the early railway trains, and it 
is thus delivered at all the stations along the road. 

The part of the impression intended for London circulation is 
worked off and delivered later. 

Thus we see that, by these combinations of enterprise, intel- 
lectual and material, the intelligence which arrives in London at 
3 A.M., is written, composed, printed, and distributed within a 
radius of one hundred miles round London, and in the hands of 
the population before their customary hour of breakfast. 

Even before the present improved methods of transport were 
brought into operation, wonders in this way were effected. 

Thus, in some cases where debates of adequate public interest 
took place in Parliament in the evening, the evening mails (for 
there were then no other) carried to the provinces the first part of an 
important speech, reported and printed before the remaining part 
was spoken. Thus it was related that the commencement of Mr. 
(since Lord) Brougham's celebrated speech on the reform of the 
laws was read at tea-tables twenty miles from London before he 
had pronounced the peroration. 

Few of the numerous readers of newspapers have the least idea 
of the immense commercial, social, and intellectual powers wieldsid^ 
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and benefits conferred, bj these doily pablicatious, a large portion 
of which inflvenoe is to be ascribed to the cheapness, promptitude, 
and rapidity witb. wbicb they are transmitted from tbe capital to 
all parte of the country. 

It is well known that the average number of copies of the most 
widely circulating London journal, wbioh are daily issued, amounts 
at present to more than forty thonsaiid. Each of these forty 
thousand copies, according to common estiniation, passes under the 
eyes, upon an average, of at least ten persons. Thus we have 
fbnr hundred thousand daily readers of one organ of information 
and intelligence. Bnt tbe effects do not end there. These four 
hundred thousand readert, long before the globe completes a 
revolution on its azia, become four hundred thousand ta^en, and 
have vastly more than four hundred tbonsand hearer». Thus 
they spread more widely ly the ear the information, the ail- 
ments, and the opinions they have received through the eye. Ws 
shall certainly not be overstating the result if we assume, that this 
infinenoe of a single journal, directly and indireoliy, reaches daily 
a million of personsa 
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1. In the first attempts at an interchange of the products of 
industry, which mark ike incipient commerce of a people emerging 
from barbarism, human labour and the strength of the inferior 
animals, applied in the most rude and direct manner to transport, 
are all the means brought into play. The pedlar and the pack- 
horse perform all the operations of interchange which take place 
in an infant society. Pathways are formed oyer the natural 
surface of the ground, in a course more or less direct, between 
vUlage and village. The beds of* streams following, by the laws 
of physics, the lowest levels, serve as the first indication to the 
traveller how to avoid steep acclivities, and, by deviating from the 
most direct and shortest course, to obtain his object with a 
diminished amount of labour. 

As industry is stimulated and becomes more productive, inven- 
tion is brought more largely into play, and these rude expedients 
are improved. Wheel carriages are invented, but the earliest 
theatre of their operations is the immediate surface of the soil 
from which the products of agriculture are raised. They are used 
to gather and transport these to a place where they may be 
sheltered and secured. 

But to enable wheel carriages to serve as the means of transport 
between places more or less distant, the former horse-paths are 
insufficient. A more uniform and level surface, and a harder 
substratum, become indispensable. In a word, a Egad, constructed 
with more or less perfection, is necessary. 

These roads, at first extremely rude aad inartificial, and rendered 
barely smooth and hard enough for the little commerce of an infant 
people, are gradually improved. The carriages, also, which serve 
as the meaQs of transport undergo like improvement, until, after 
a series of ages, that astonishing instrument of commerce, the 
modern road, results, which is carried on an artificial causeway, 
and reduced, at an enormous expense, to a nearly level surface by 
means of vast excavations, extensive embankments, bridges, 
viaducts, tunnels, and other expedients supplied by the skill and 
ingenuity of the engineer. 

Between the pack-horse, used in the first stages of growing 
commerce, and such a road with its artificial carriages, there is a 
prodigious distance. The first step, from the pack-horse to the 
common two- wheel cart, was, in itself, a great advance. 

It is calculated that a horse of average force, working for eight 
or ten hours a day, cannot transport on his back more than two 
hundredweight, and that he can carry this at the rate of only 
twenty-five miles a day over an average level country. The 
same horse, working in a two- wheel cart, will carry through the 
same distance per day twenty hundredweight, exclusive of the 
^ 18 
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weight of the cart. By this simple expedient, therefore, the art 
of transport was improved in the ratio of one to ten ; in other 
words, the transport which before was effected at the cost of ten 
pounds, was, with this expedient, reduced to the cost of one 
pound. 

2. The adoption of expedients for the maintenance of commerce so 
obvious as roads, would seem to be inevitable among a people who 
are not actually in a state of barbarism. Nevertheless, we find 
that not only was the construction of good roads for commercial 
purposes of comparatively recent date, but that, even at the 
present day, a very large portion of that part of the world called 
civilised, is unprovided with them. With the exception of certain 
parts of Europe, the French colony of Algeria, and the United 
States, the entire surface of the world is still without this means 
of intercourse. 

It is calculated that, of the entire inhabited part of the globe, 
roads do not exist in more than two-sevenths. The extensive 
empire of Kussia, with the exception of one or two main com- 
munications, such as that between Petersburg and Moscow, is 
without them. In general, the only practicable communications 
through this vast territory are effected in winter on the surface of 
the frozen snow by sledges. On the return of summer, when the 
snow has disappeared, the communications become extremely 
difficult, slow, and expensive. Spain is scarcely better supplied 
with roads than Russia, nor do we find much improvement in the 
practice of transport in Italy. Until recently, Corsica possessed 
no communications of this sort; horses and mules were the 
common means of communication and interchange in that island 
until the French government constructed some Ibads. 

3. The roads constructed by the Romans and Egyptians will 
probably be referred to as instances of an early advance in this 
art. But these great monuments of antiquity, though serving 
incidentally, to some extent, as means of commerce, were 
constructed for exclusively military purposes. 

4. The most ancient roads which are recorded in history, are those 
constructed by order of Semiramis, throughout the extent of her 
empire. It would seem, however, that the commerce of that day 
did not find these communications suitable to its objects ; for it is 
certain that, at the epoch at which Tyre and Carthage were 
signalised for their enterprise, their commerce was almost exclu- 
sively carried on by the coasting navigation of the Mediter- 
ranean. 

5. Notwithstanding the advanced stage to which civilisation had 
arrived in Greece, the means of internal communication in that 
country remained in a state of great imperfection. This m&.^ ys^ 
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part be explained by the multitude of small staitea which fbrmed 
that confederation, by their conflicting interests, and their want 
of any moral or social sympathies. The common sentiment of 
nationality slumbered, except when it was awakened by the strong 
stimulus of foreign attack. The intercourse between one centre 
of population and another was then very restrained, and although 
the public ways were placed under the protection of the gods, and 
the direction of the most xsonsiderable men of the respectiye 
states, they were suffered to fedl into neglect. The exigencies of 
internal commerce were never sufficiently pressing to excite the 
people to contribute to the maintenance of good means of inter- 
oommunication and exchange. 

6. The earliest roads which were really rendered conducive to the 
purposes of commerce, on any considerable scale, were those con- 
structed by the Fhenicians and Carthaginians. To the latter' is 
ascribed, by Isidore, the invention of paved roads. 

7. When imperial Eome attained the meridian of her power, and 
her empire extended over a large portion of Europe and Asia, 
colossal enterprises wese- entered upon for the construction of vast 
lines of communication, extending over the immensity of her 
territory. These roads, however, like those of the Egyptians, 
were constructed without the slightest view to commercial objects. 
It concerned imperial Eome but little, that her provinces should 
be united by commercial or social interests. What she looked to 
was to be enabled to convey with celerity her powerful legions at 
all times from one extremity of her dominions to another. With 
this purpose, she availed herself of her vast resources to construct 
those military roads, intersecting her territory, the remains of 
which have excited the admiration of succeeding generations. 

The first of these great monuments of the enterprise and art of 
the Roman people were those so well known by the names of the 
Via Appia, the Via Aurelia, and the Via Flaminia. Under 
Julius Caesar, commimications were made by paved roads between 
the capital of the empire and all the chief towns. During the last 
AMcan war, a paved road was constructed from Spain, through 
Gaul, to the Alps. Subsequently similar lines of communication 
were carried through Savoy, Dauphine, Provence, through 
Germany, through a part of Spain, through Gaul, and even to 
Constantinople. 

Asia Minor, Hungary, and Macedonia were overspread with 
similar lines of communication, which were carried to the mouths 
of the Danube. Nor was this vast enterprise obstructed by the 
intervention of seas. The great lines which terminated on the 
shores of continental Europe were continued at the nearest points 
of the neighbouring islands and continents. Thus, Sicily, Corsica, 
20 
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Sardinia, and England, and even AMca and Asia, were intersected 
and penetrated by roads, forming the continuation of the great 
European system. 

These colossal works were not paths rudely prepared for the 
action of the feet of horses and the wheels of carriages, by merely 
removing the natural asperities from the surface of the soiL 
They were constructed, on the contrary, on principles in some 
respects as sound and scientific as those which modem engineering 
has supplied. Where the exigencies of the country required i^ 
forests were feUed, mountains excavated, hills levelled, valleys 
filled up, chasms and rivers bestridden by bridges, and marshes 
drained, to an extent which would suffer little by comparison with 
the operations of our great road-makers of modem times. 

On the fall of the Empire, these means of communication, 
instead of subserving the purposes of the commerce of the people 
through whose territory they were carried, were, for the most 
part, destroyed. When the barbarians conquered Rome, and a 
multitude of states were formed from its ruins, the victors shut 
themselves up and fortified themselves in these several states, as 
an army does in a citadel ; and, far from constructing new roads, 
they destroyed those which had already existed, as a town 
threatened with siege breaks those communications by which the 
enemy may approach it. 

8. From this epoch through a long series of ages, the nations of 
Europe, animated only by a spirit of reciprocal antagonism, 
thought of nothing but war, and entered each other's territories 
only for the purposes of conflict. The history of the intercom- 
munications of nations during the middle ages is only a history of 
their wars. 

When Europe emerged from this state, and when ^commerce 
began to force itself into life, its operations were in a great 
measure monopolised by Jewish and Lombard merchants, who 
carried them on subject to the greatest difficulty and danger. 

The provincial nobles and lords of the soil, tiirough whose pos- 
sessions the merchant necessarily passed in carrying on the 
internal commerce of the country, were nothing better than high- 
way robbers. They issued with their bands from their oasties and 
arrested the travelling merchant, stripping him of the goods which 
he carried for sale. 

The sovereigns of France endeavoured in vain, by penal enact- 
ments, to check this enormous evil. Dagobert I. established a, 
sort of code to regulate the public communications through his 
dominions, and decreed heavy fines against such provincial lords 
as might obstruct the freedom of communication, by interrupting 

pr plundering travellers. These decrees, however^ T«cwai^^^ ^ 
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dead letter, no adequate po'W'er in the state being able to cany 
them into practical effect. 

Under the successors of Charlemagne, this abu^, which it 
was found impossible to repress, was, in some measure, recog- 
nised and regularised. Tolls of limited amount were allowed 
to be exacted by the local proprietors from those who passed 
through the provinces for purposes of trade, on the condition 
that such travellers or merchants should be otherwise unmo- 
lested. 

The prevalence of all these vexatious impediments soon rendered 
intercommunication by land almost impracticable. The roads, 
such as they were, became accordingly deserted, and were suffered 
to fall into utter disrepair. During a series of ages, internal com- 
munication and internal commerce became almost suspended ; a 
journey even of a few leagues being regarded as a most serious 
and dangerous undertaking. 

9. The. Crusades had a favourable influence on the art of trans- 
port. The population of Western and Northern Europe became 
by them acquainted with the productions and arts of the East. 
New desires were excited and new wants created. Commerce was 
thus stimulated, and greater facility of intercourse becoming 
necessary, governments were forced to adopt expedients for the 
security of the traveller. 

The same difficulties and dangers did not, however, affect 
navigation. We find this art developed in a much higher 
degree than that of internal commerce. Kenoe arose the dis- 
proportionate commercial opulence of maritime people. The 
British, the Dutch, and the Portuguese rose into immense com- 
mercial importance, as well as the Genoese, the Tuscans, and the 
Venetians. 

10. Even so late as the middle of the seventeenth century, the 
roads throughout the Continent continued in a condition which 
rendered travelling almost impracticable. 

They are described by writers of this epoch as being absolute 
sloughs. Madame de Sevigny, writing in 1672, says, that a 
journey from Paris to Marseilles, which by the common roads of 
the present day is effected in less than sixty hours, required a 
whole month. 

Besides the material obstacles opposed to the growth of internal 
commerce on the Continent by the want of roads in sufficient 
number, and the miserable state of those which did exist, other 
impediments were created and difficulties interposed by innumer- 
able fiscal exactions, to which the trader was exposed, not only in 
passing the confines of different states, but even in going from 
province to province in the same state, and in passing through 
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almost every town and village. Hence the cost of every com- 
modity was enormously enhanced, even at short distances from the 
place of its production. 

11. The disorganisation of society and the destruction of the 
institutions of feudalism which followed the French Revolution of 
1789, caused some improvement in the means of internal commerce 
in Europe, and would have caused a much greater development 
in this instrument of civilisation, but for the wars which imme- 
diately succeeded that political catastrophe, and which only 
terminated with the battle of Waterloo. 

Indeed Napoleon, conscious of the vast importance of a more . 
complete system of roads, had actually projected one, which he 
intended to spread over Europe. His fall, however, inter- 
cepted the realisation of this magnificent design, and the 
Simplon remains as the only monument of his glorv in this 
department of art. 

After the re-establishment of peace, the nations of Europe, 
directing their activity to industry and commerce, soon became 
impressed with the necessity of effecting a great improvement in 
the means of internal communication. Western Europe, accord- 
ingly, soon began to be covered with roads and canals. The 
obstructions arising from fiscal causes, if not removed, were greatly 
diminished. 

The advance made by France especially in this department, is 
deserving of notice. That country possesses at present four or five 
times the extent of roads which were practicable under the Empire; 
a sum of nearly four millions sterling was, until lately, expended 
annually upon the completion and maintenance of these great 
lines of communication. 

The roads of France consist of three classes ; the first, until the 
late revolution, were called royal roads, and are now called 
national roads. These are the great arteries of communication 
carried from one chief town to another throughout the territory, 
and being used indifferently, or nearly so, by the whole population, 
are constructed and maintained at the general expense of the 
nation. The second class axe departmental roads, or what would 
be called in England county roads. These are chiefiy the branches 
running into the royal roads, by which the local interests of the 
departments are served, and are accordingly maintained at the 
expense of the departments. Finally, the third class is called 
vicinal roads, which would correspond to omx parish roads. 

The rate at which these improved communications have con- 
tributed to augment the internal commerce and national wealth, 
may be estimated in some degree from the statistical results which 
have been published. In 1810, the various stage-coach establish- 
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ments in Paris transported each day from the capital into the 
departments, two hundred and twenty passengers, and twenty-one 
tons of merchandise. Before the establishment of railways, they 
transported nearly one thousand passejigers and forty-five tons of 
merchandise. Thus the passengers were augmented in a fourfold, 
and the merchandise in a twofold proportion. 

12. In 1815, the length of roads in operation in France was as 
follows : there were three thousand leagues of royal roads, and two 
thousand leagues of departmental roads. In 1829, there were 
four thousand two hundred and five leagues of royal roads, and 
three thousand leagues of departmental roads. In 1844, there 
were eight thousand six hundred and twenty-eight leagues of 
royal roads, and nine thousand one hundred and forty-six leagues 
of departmental roads, independently of twelve thousand leagues 
of vicinal roads. Thus, it appears that between 1815 and 1844, 
the tatal*length of roads of the first and second classes was aug- 
mented from five thousand leagues to nearly eighteen thousand, or 
in the proportion of three and a half to one. 

13. Although the practice of road-making in England attained a 
certain degree of perfection at a much earlier period than in other 
parts of Europe, and the United Kingdom was overspread with a 
noble network of internal communications, while continental 
Europe remained in a comparatively barbarous condition, the art 
of transport nevertheless, even in England, remained for a long 
series of ages incalculably behind what would seem to be the com- 
mercial wants of the population. 

The first English roads of artificial construction were those 
made by the Romans, while England was a province of that 
empire. The island was then intersected by two grand trunk 
roads running at right angles to each other, the one from north to 
south, and the other from east to west. 

These main lines were supplied with various branches, extending 
in every direction which the conquerors found it expedient to 
render accessible to their armies. 

14. The Roman road called Watling Street commenced from 
Kichborough, in Kent, the ancient Rutupial, and, passing 
through London, was carried in a north-westerly direction to 
CJhester. The road called Ermine Street commenced fipom 
London, and, passing through Lincoln, was carried thence through 
Carlisle into Scotland. The road called the Fosse-way passed 
through Bath in a direction N.E., and terminated in the Ermine 
Street. The road called Ikenald extended from Norwich in a 
southern direction to Dorsetshire. 

But these great works, at the date of their construction, ex- 
ceeded the wants of the population, who, unconscious of their 
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advantage, allowed them to fall into neglect and disrepair. Nor 
were any new roads in other or better directions constructed. For 
a succession of ages the little intercourse that was maintained 
between the various parts of Great Britain was effected almost 
exclusively by rude footpaths, traversed by pedestrians, or at best 
by horses. 

These were carried over the natural surface of the ground, 
generally in straight directions, from one place to another. Hills 
were surmounted, valleys crossed, and rivers forded by these rude 
agents of transport, in liie same manner as tibe savages and settlers 
of the backwoods of America or the slopes of the Rooky Mountains 
now communicate with each other. 

15. The first important attempt made to improve the communi- 
cations of Great Britain took place in the reign of Charles II. In 
the sixteenth year of the reign of that monarch was established 
the first turnpike road where toll was taken, which intersected the 
coimties of Hertford, Cambridge, and Huntingdon. It long 
remained, however, an isolated line of communication ; and it was 
little more than a century ago that any extensive or effectual 
attempts were made, of a general character, to construct a good 
system of roads through the country. 

16. Until the middle of the eighteenth century, most of the 
merchandise which was conveyed from place to place in Scotland 
was transported on pack-horses. Oatmeal, coals, turf, and even hay 
and straw, were carried in this manner through short distances ; 
but when it was necessary to carry merchandise between 
distant places, a cart was used, a horse not being able to transport 
on his back a sufficient quantity of goods to pay the 03st of the 
journey. 

17. The time required by the common carriers to complete their 
journey seems, when compared with our present standard of speed, 
quite incredible. Thus, it is recorded that the carrier between 
Selkirk and Edinburgh, a distance of thirty-eight miles, required 
a fortnight for his journey, going and returning. The road lay 
chiefly along the bottom of the district called Gala-water , the bed 
of the stream, when not flooded, being the ground chosen as the 
most level and easy to travel on. 

In 1678, a contract was made to establish a coach for pas- 
sengers between Edinburgh and Glasgow, a distance of forty-four 
miles. This coach was drawn by six horses, and the journey 
between the two places, to and fro, was completed in six days. 
Even so recently as the year 1750, the stage-coach from Edinburgh 
to Glasgow took thirty-six hours to make the journey. In 1849, 
the same journey was made, by a route three miles longer, in one 
hour and a half ! 
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In the year 1763 there was but one stage-coach between 
Edinburgh and London. This started once a month from each of 
these cities. It took a fortnight to perform the journey. At the 
same epoch the journey between London and York required 
four days. 

In 1835 there were seven coaches started daily between London 
and Edinburgh, which performed the journey in less than forty- 
<5ight hours. In 1849, die same journey was performed by railway 
in twelve hours I 

In 1763, the number of passengers conveyed by the coaches 
between London and Edinburgh could not have exceeded about 
twenty-five monthly ^ and by all means of conveyance whatever 
did not exceed fifty. In 1835 the coaches alone conveyed 
between these two capitals about one hundred and forty pas- 
sengers dailyy or four thousand monthly. But besides these, 
several steam-ships, of enormous magnitude, sailed weekly 
between the two places, supplying all the accommodation and 
luxury of floating hotels, and completing the voyage at the same 
rate as the coaches, in less than forty-eight hours. 

As these steam-ships conveyed at least as many passengers 
as the coaches, we may estimate the actual number of passengers 
transported between die two places monthly at eight thousand. 
Thus the intercourse between London and Edinburgh in 1835 was 
one hundred and sixty times greater than in 1763. 

At present the intercourse is increased in a much higher ratio, 
by the improved facility and greater cheapness of railway 
transport. 

18. Arthur Young, who travelled in Lancashire about the year 
1770, has left us in his Tour the following account of the state of 
the roads at that time. " I know not," he says, "in the whole 
range of language, terms sufficiently expressive to describe this 
infernal road. Let me most seriously caution all travellers who 
may accidentally propose to travel this terrible country to avoid it 
as they would the devil, for a thousand to one they break their 
necks or their limbs by overthrows or breakings down. They 
will here meet with ruts, which I actually measured, four feet 
deep, and floating with mud, only from a wet summer. What, 
therefore, must it be after a winter? The only mending it 
receives is tumbling in some loose stones, which serve no other 
purpose than jolting a carriage in the most intolerable manner. 
These are not merely opinions, but facts ; for I actually passed 
three carts broken, down in these eighteen nules of execrable 
memory." 

And again he says (speaking of a turnpike road near "Warring- 
ton, now superseded by the Grand Junction Railway,) " This is a 
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paved road, most infamously bad. Any person would imagine 
the people of the country had made it with a view to immediate 
destruction! for the breadth is only sufficient for one carriage; 
consequently it is out at once into ruts; and you may easily 
conceive what a break-down, dislocating road, ruts out through a 
pavement must be." 

Nor was the state of the roads in other parts of the north of 
England better. He says of a road near Newcastle, now super- 
seded by a railway, " A more dreadful road cannot be imagined. 
I, was obliged to hire two men at one place to support my 
chaise from 6verturning. Let me persuade all travellers to* 
avoid this terrible country, which must either dislocate their 
bones with broken pavements, or bury them in muddy sand. 
It is only bad management that can occasion such very miser- 
able roads in a country so abounding with towns, trade, and 
manufactures." 

Now, it so happens that the precise ground over which 
Mr. Young travelled in this manner less than eighty years 
ago is at present literally reticulated with railways, upon which 
tens of thousands of passengers are daily transported, at a 
speed varying from thirty to fifty nules an hour, in carriages 
affording no more inconvenience or discomfort than Mr. Young 
suffered in 1770, when reposing in his drawing-room in his 
arm-chair. 

19. Until the close of the last century, the internal transport of 
goods in England was performed by waggon, and was not only 
intolerably slow, but so expensive as to exclude every object 
except manufactured articles, and such as, being of light weight 
and small bulk in proportion to their value, would allow of a high 
rate of transport. Thus the charge for carriage by waggon from 
London to Leeds was at the rate of 13/. a ton, being IS^d. per 
ton per mile. Between Liverpool and Manchester it was forty 
shillings a ton, or 15d, per ton per mile. Heavy articles, such as 
coals and other materials, could only be available for commerce 
where their position favoured transport by sea, and, consequently, 
many of the richest districts of tiie kingdom remained unpro- 
ductive, awaiting the tardy advancement of the art of transport. 
Coals are now carried upon railways at a penny per ton per 
mile, and, in some places, at even a lower rate. Merchandise, 
such as that mentioned above, which was transported in 1763 at 
from 14:d. to 15d. per mile, is now carried at from Sd, to 4^., 
while those sorts which are heavier in proportion to their bulk are 
transported at 2^d, per ton per mile. 

But this is not all : the waggon transport formerly practised 
was limited to a speed which in its most improved state did\^<::k^ 
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exceed twenty-four miles a day, while the present transport by 
railway is effected at the rate of from twelve to fourteen miles 
an hour. 

20. When we look back upon the state in which every part of 
the civilised world was placed in relation to this vital element of 
social and commercial progress, this standard and test, as it may 
be justly called, of civilisation at an epoch so recent as the first 
year of the present century, and compare it with the present con- 
dition not of England only, but of Europe and North America, we 
cannot fail to be struck with the incalculable amount of benefit to 
the human race that must result from the extraordinary energy 
with which the discoveries and resources of science have been 
applied to the improvement of this instrument of civilisation 
within the brief interval of twenty-four years, for it is not more 
since the date of the commencement of railway transport in this 
country which took the lead in that, as in so many other improve- 
ments in the arts of life. 

21. In 1830, the first railway for general trafic in passengers 
and goods between Liverpool and Manchester was opened ; and 
immediately, of the thirty stage-coaches which had previously 
run daily between Liverpool and Manchester, one only remained 
on the road; and that was supported solely by passengers to 
intermediate places not lying in the direction of the railway. 

The comparatively low fares and extraordinary expedition 
offered by the railway had the effect which might have been 
expected. Previously, the number of travellers daily, by the 
coaches, was about five hundred ; it was immediately augmented 
above three-fold. Sixteen hundred passengers per day passed 
"between these towns. If the traO&c in passengers exceeded all 
anticipation, the transport of goods, on the contrary, fell short of 
what was expected. The canal lowered its tariff to the level of 
the railway charges and increased its speed and its attention to 
the accommodation of customers. The canal, moreover, winding 
through Manchester, washed the walls of the warehouses of the 
merchants and manufacturers. At the other end it communi- 
cated directly with the Liverpool docks. The goods were there- 
fore received directly from the ship, and delivered directly to the 
warehouse, or vice versd ; without the cost, delay, and inconve- 
nience of intermediate transhipment and cartage. These 
considerations went far to counterbalance the superior speed 
of the railway transit for goods; yet, notwithstanding this 
inconvenience and obstruction, the company soon found them- 
selves carriers of merchandise at the rate of a thouLsand tons 
per day. 

Thus, the problem of the rapid transport of passengers by eteam 
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on railways was solved in. 1830, and the profitable cliaTacter of tlie 
enterprise soon became apparent. Diyidends of 10 per cent, were 
declared, and the shares were greedily bought up at 120 per cent, 
premium. Then followed in rapid succession those results which 
must necessarily have ensued. Other lines of railway, connecting 
the chief centres of population and industry with the metropolis, 
and with each other, were projected. In the four years which 
elapsed from 1832 to 1836, about 450 miles of railway were com- 
pleted, and 350 miles were in progress of construction. 

22. From 1836 to the present time the construction of these 
great lines of intercommunication in the United Kingdom has 
proceeded at a rate of progress of which no previous example has 
ever been recorded in the history of the industrial arts in any 
country. From the official reports presented to Parliament, it 
appears that the whole extent of railway communication open for 
traffic in the United Kingdom at the end of 1852 was 7336 miles, 
which were distributed in the different portions of the kingdom in 
the following proportions : — 

In England and Wales .... 5650 miles. 

In Scotland 978 

In Ireland 708 



Total in the United Kingdom . . 7336 miles 

open for public traffic 

It further appears from these reports that, at the close of 1852, 
the legislature had authorised the construction of a total length 
of railway (including the above 7336 miles) amounting to 12561 
miles, of which 676 miles had been abandoned by the companies 
which had originally undertaken them. Thus the account of the 
total amount authorised by Parliament, to the end of 1852, 
stood thus : — 

Constmcted and in operation. . . 7386 mileek 
In progress or intended to be commenced 4549 
Abandoned 676 



12561 miles. 

23. The following table, taken from the report of the Committee 
of the Privy Council, dated August, 1853, wiU exhibit the rate at 
which the railway projects were sanctioned by Parliament, and 
the rate at which their execution has progressed up to the end of 
1852 :— 
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PBOGRBSS AND EXTENT OF RAILWAYS. 

24. Nothing in the progressive development of this vast national 
enterprise is more surprising than the amount of capital raised 
and expended upon it, and the rapidity and facility with which it 
was obtained. 

The following statement, also taken from the official reports, 
will illustrate this : — 

Total capital raised by shares and loans up to 

the end of 1848 £200,173058 

Total capital similarly raised m 1849. . . 29,574720 

Ditto. . . 1850. . . 10,522967 

Ditto. . . . 1851. . . 7,970151 



Total capital raised up to the end of 1851 £248, 240896 

Of the sum of 248 millions, which had been expended before 
the 1st January, 1852, a part had been absorbed by the lines 
which were in process of construction, but had not yet been 
opened. Against this, however, there remained an amount of 
capital still to be expended on the lines already open. On most of 
the more recently opened railways, the stations were still incom- 
plete ; in some cases, depots, workshops, and other permanent 
buildings had not even been commenced. The full complement 
of the locomotive and rolling stock had not been provided. In 
the absence of exact data then, if these latter expenses be placed 
against the former, the entire capital of 248 millions may be placed 
to the account of 7336 miles open for traffic ; which would give an 
average expense of construction, including the locomotive and 
carrying stock, and the workshops and depots for its repair, &c., 
of 33840/. per running mile. 

25. The extent to which these enterprises employed the industry 
of the country may be judged from the following results of the 
reports : — 

It appears that in 1848 a quarter of a million of persons were 
employed on the railways of the United Kingdom ; and if it be 
considered that each of these must have contributed to the support, 
on an average, of one or more other persons, it will foUow, that 
this vast enterprise must have, at that epoch, supplied means of 
living to at least two per cent, of the entire population of these 
countries. 

It further appears that, on the 30th June, 1852, there were 
employed 

On the railways open for traffic . . • • . 67601 
On the railways in progress of constmction • • . 85935 

103586 
It follows, therefore, that from 1848, to June, 1852, about 



LOCOMOTION AND TBANBPOBT. 

150000 persona haye been diamiBsed from the direct employment 
of the railway oomponieB, end vho must now be obtaimng support 
from other ocoupationB. It is, bowerer, oertain titat » large 
inoFease of the demand for labour has been produced by t^ 
creation and operation of railway traffic, snob bi tbat which arises 
and must arise frvm the CBtahlishment of ibunderies, oaniage, and 
engine building, and other branches of railway busiaeas, not 
only in the United Kingdom, but in other oountrieB which are to 
a great extent supplied by British industry. 

We shall on another occasion notice the progress of locomotiiui 
by railway in other oonntriea. 









THE SURPACB OP THE EARTH, 

. OR FnST KOTIONS OP GEOGEAPHY. 



CHAPIEE I. 

Tbb Sosun or thb Ribth : 1. Origin of the n&me. — 2. Preliminai; 
knowledge. — 3. The dialribnlJon, of land and wster.- — 4. The ondn- 
Iktioiu of the terreatrial Bnr&oe.^-S. QsoOKiraioiL Teuu : S. 
UbndB. — 7. Continents.— S. PeniaanlBS. — 9. IsthmnaeB. — 10. Pro- 
aoDtoriea. — 11. Capes &nd he&dluidB. — 12. Therelief of thelttnd. — 

18. PUing and lowland*. — H. Plateaniandlatle-lands. — 15. Hille. — 
IS. HonntMiu. — 17. SyateoiBor chiuna of mountains. — IS. Ocaana. — 

19. SeaM.—20. Qulfs.— 21. BaTB.— 22. Stiaits.— 23. Chaanela.— 2(. 
Boada and roadat^ulB. — 2G. &aks and Band-banka. — 26. Seek. — 
27. SoDndiDgi.--28. Lakea.— 29. BlveiB.— 30. The bed of a river.— 
31. The bankB of a river.- 32. Tributaries.- 33. VallieB.— 84. 
Wateraheda.— 35. Delia.— 36. Estusries.— 37. Friths, Thh Qbkat 
EABTBiur Continent : 38. Ita extent and limits. — 39. Its diviaiona. 
40. The Msditeiransui.— 41. Relief.—42. Its northern b«lt.— 13. 
The sonthem belt — 11. Prevailing mountain chains,— 15. Outlines 
ofKnrope. — (6. White Sea.— 47. Norway and Sweden. — 13. Britjah 
IbIeb.- 49. France.— 50. Spain and Portugal.— 51. Itolj,— 62. 
Sidlj, — 53. Qraece. — 54. Archipelago, — 55. Dardanellee and Bob- 
phoma.— 58. The Black Sea.— 57. Sea of A»of.— 58. Th« Oui^^<».. 
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THE SURFACE OF THE EABTH. 

— 59. AMca. — 60. Its climatological zones. — 61. Tlie Tell and 
Sahara.— 62. Valley of the Nile.— 63. The central belt.— 64. The 
fourth zone. — 65. The southern zone. — 66. The coasts. 

1. Origin of the name. — The divisioii of general instmotion to 
wMcli the descriptioii of the surface of the earth has been con- 
signed, is called Geography ^ from two Greek words in (ge) the 
earthy and 7ptE^ (grapho) I describe. 

2. Preliminary knowledge.— The globular form of the earth, 
— its rotation every twenty-four hours on its axis, — ^its poles and 
equator, the imaginary lines upon it called meridians and parallels, 
— latitudes and longitudes by which the positions of places 
relatively to the equator and to each other are expressed, — the 
methods of ascertaining these positions for all places, — ^the division 
of the globe into the northern and southern hemispheres by the 
equator, and into the eastern and western hemispheres by the 
meridian of Greenwich, — ^have been severally explained in our 
Tracts on the "Earth" and on "Latitudes and Longitudes." 
All these points constitute indispensable preliminaries to any 
clear or satisfactory knowledge of geography, and we shall there- 
fore assume in the present Tract that the reader has already 

.become familiar with them. 

3. The distribution of land and water on the surface of 
the globe forms the first step in geographical knowledge. The 
entire terrestrial surface measures about two hundred millions of 
square miles. Very nearly three-fourths of this is covered with 
water. The whole surface would be so if it were uniforinly level. 
But being unequal, some parts being more elevated, and others 
less so, the water, in obedience to the law of gravity, settles upon 
the lower levels, leaving the more elevated parts dry. It is thus 
that the Almighty has " gathered the waters into one place," and 
made "the dry land appear," and to the " gathering of waters" 
has given the name Seas, 

Land is therefore nothing more than the summits and elevated 
plateaux of vast mountains, the bases of which are at the bottom 
of the water which thus covers three-fourths of the surface. 

4. The undulations of the terrestrial surfkce are extremely 
diversified and irregular, and since the distribution and outlines 
of the land are determined by them, the latter are equally 
various and complicated. The declivities by which these elevated 
parts slope downwards, determine the lines according to which the 
waters of the sea wash them, and these outlines give those 
peculiar forms and characters to the land, the description and 
knowledge of which forms a large part of geography. A system 
of terms has been invented by which these various forms are 
expressed and classified. 
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ISLANDS AND CONTINENTS. 

5. Geographical Termi. — ^Althoagh these terms do not 
always admit of rigorous definition, and their application is 
often more or less arbitrary, they are nevertheless eminently 
useful, and indeed essential to the acquisition of a general 
knowledge of geography. 

6. falanda are tracts of land surrounded by water. The term, 
however, is generally limited to tracts of not very considerable 
extent. When very small they are often called islea or islets. 

The distribution of islands is not uniform. In some parts they 
are thickly clustered together within a limited extent of water. 
A part of the sea thus sprinkled with islands is called an archi- 
pelago,* a name which was first appKed to the JGgaean Sea, which 
separates Greece from Asia Minor, but which has been generalised 
so as to signify any portion of the waters of the globe having a 
like character. 

Islands are found for the most part in the immediate vicinity 
of the coasts of much larger tracts of laud. In this case they are 
evidently parts of such tracts, separated from them only by 
valleys, so low that the sea flows IJirough them. Islands, how- 
ever, are also sometimes found in groups, sometimes ranged in 
lines, and sometimes, though not frequently, rising singly and 
isolated in the midst of the ocean. 

7. Continents are tracts surrounded by water, whose magni- 
tude bears a considerable proportion to the entire surface of the 
globe. 

It will be easily tmderstood that this distinction between 
islands and continents, depending only on their comparative 
magnitudes, must be arbitrary, so long as no exact limit is 
assigned at which a tract of land surrounded by water ceases to 
be aa island and becomes a continent. 

The tract in the SQuthem hemisphere, called Australia, was 
formerly classed as an island. More recently geographers give it 
the title of a continent. 

, Besides this, there are only two continents properly so called on 
the globe, each of which has vast magnitude, the one l3ring in the 
eastern, and the other in the western hemisphere. 

The Saatem Continent, sometimes called the great con- 
tinenty includes Europe, Asia, and Africa, each of which has re- 
ceived the name of continent, though the whole forms one continuous 
tract of land, between any two points of which it is possible to 
pass without crossing a sea. 

• Etymologists are not agreed upon the origin of this tenn ; some sup- 
posing it to be composed of hLpyjtiS (archos), chief, and viKwyos (pelagos), 
a sea, and others of kiyoAos (aigaios) and TrcAayo; , the iSig8S8.ii 3^. 
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The VTcMteim or lesser continent consists of North and South 
America. 

The great or eastern continent, having heen known to the 
ancients, is often called the Old Continent or the Old World, 

The western, having been unknown until its discovery by 
Columbus in the fifteenth century, is often called the New 
World. 

8. Peninsulas are tracts, nearly, but not altogether, surrounded 
by water. The name is composed of two Latin words, pene^ 
almost, and insula, an island. 

9. Isthmuses are narrow necks, by which two comparatively 
large tracts are connected together. Isthmus is a Greek word, 
having the same signification. 

The most remarkable examples of an isthmus are presented by 
the narrow tracts by which Africa is connected with Asia, and 
South with North America. The former being called the Isthmus 
of Suez, aad the latter the Isthmtis of Panama. Two towns, 
bearing these names, are built, one upon the former isthmus, on 
the coast of the Red Sea, and the other upon the latter, on the 
coast of the Pacific Ocean. 

Peninsulas are often thus connected by an isthmus with the 
mainlands, to which they belong, but not always so. The name 
peninsula is given to tracts of land which, though partially sur- 
rounded by water, are nevertheless connected with the mainland 
by tracts much too broad to be entitled to the name of isthmus. 
Examples of this class of peninsular form are numerous, and 
among them may be mentioned the part of Southern Europe, 
which includes Spain and Portugal, called the Spanish Peninsula 
(Map 5.) ; the part of Italy, south of Lombardy and Piedmont, 
called the Italian Peninsula : the southern part of Greece, called 
the Hellenic Peninsula (Map 6) ; India, and numerous other 
similar masses of land, projecting in a pointed form into the sea 
(Map 7). 

10. Promontory is a name given to a tract of land, of greater 
or less elevation above the level of the sea, which juts out from a 
comparatively large extent of land, and which therefore is 
peninsular in its form. The term, however, is usually applied to 
tracts of less extent than those which are denominated peninsulas. 

11. Oapes and Headlands are promontories having consider- 
able elevation, so as to be visible from a great distance at sea. 

12. The Relief of the I^and has received different deno- 
minations according to its varying elevation above the general 
level. 

13. Plains and Z^owlands are parts of the land not much 
raised above the level of the sea, having considerable extent. 
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Yorioiia names are given to auah traota according to the language 
af the Dountry and their oonditioii in respect to vegetation. Thoa 
UL extensive Bandj plain, destitute of all vegetation, is called a 
Deterl ; an example of such a plain on an immenae scale is pre- 
sented by the Dttert of Sahara, ia the Nort}i of Africa. Snch 
plains are called Lande» in France, SUppet in Russia, and 
lAanoM, Pampat, Sehas, Savattnaht, and Prairiea, according as 
Ifaej are more or less covered with vegetation, in North and Sonth 
America. 



14. VUleanx and Tableland* are extensive level tracts, 
placed at considerable elevations above the level of the sea, or 
the generallevel of the aarrounding ooontrj, a ft, lig. 1. 
. 15. Sills are elevations not esoeeding about lOOO feet in 
height above the i>lain at their base, and having an oatlina 
variouslj formed ; rounded, e, fig. 1, ; ridged, d, fig. 1, or peaked, 
as e, fig. 1, and fig. 3- 




FIjf. S.—Groupi of Umabdiis. 

are elevations generally exceeding lOOO feet 
in height, and likewise subject to a sinular variety of forms, 
as shown in fig. 2. 

The application of these terms "hills'' and " mountains" is very 
arbitrary, elevations which receive the name of mountidns in <me 
place being lower than those called hills in another. 

The forms of mountains ace very various, and have an im- 
portant relation to their external struotore. Geologbts are often 
able to determine the character of the rocks of which they consist 
by their outline. Thus, when the outline is characterised by 
needles rising to considerable elevations, as in fig. 4, the moun- 
tainons mass consists of the rocks called Gneiss. Such peaks, 
wbioh are frequent upon the chain of the Alps, are called ntedlei, 
teeth, and horna. Mountains are sometimes cobuanax Sn. 'Coksx 
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gembling fortificationB seen ttom i 



« tliey are iiBuall7 formed of oolcaieous, that 
u, limeBtone rooks. MoantainB oompoaed of the aame rocks also 




frequently assume the form sliown in fig, 6, aa if they were cut 
into Hteps forming a seiies of homoatol atagea one above the 
other. 

Monntains wbioh aaiume tiie peaked or conical form, with a 
cavity or cup-like depression at their summits, are always of 
volcanic origin. 



Fig. 7.— Bamn Island in Bay of Banzai. 

. In fig. T, an example of this is presented in the ease of Barren 
island in the Bay of Bengal, oonsiating of a volcanic cone, 184S 
feet high, which ia frequently in a stat« Cf eraption, anrroonded 
by other peaks of aimilar formation. 

IT. Syitcnu or Ohalna of Hountalna consist of aeries of 
monntaing, of varying elevation and form, which are often con- 
tinued over the whole extent of a continent. 

18. Oeeaiuk — The configuration of tJie sea, determined by the 
form of the lines in which it unites with the land, neceBsarily 
corresponds with the configuration of the land, and such forma 

e expressed by a system of geographical terms of oomlatiTe 



What a continent is to the land an ocean is to the water. This 
term, therefore, aignifiea a vast tract of water, unbroken, for the 
moetpart, by any tract of land. 



OCEANS AND SEAS. 

Owing to the peculiar distribatioii of land and water on the 
globe, it follows that, strictly speaking, there is bat one great 
ocean, between all points of wMch there is a continuous water 
communication. Neyertheless, geographers have found it con- 
venient to divide this vast collection of water nominally into 
several distinct oceans, as will be explained hereafter. 

19. Beam. — The term sea is applied to tracts of water one 
degree inferior in magnitude to tiie oceans, which are generally 
limited and enclosed between continents or large islands. 

20. ChilDi are large inlets of the sea partially enclosed by land. 

21. Bays are nearly the same as guKs, but generally smaller. 
Like other geographical terms, these however are arbitrary and 
indefinite, some inlets called bays being greater than others 
called gulfs. 

Gulfs and bays are the analogues of peninsulas and promontories. 

22. Straits are narrow necks of water connecting tracts of 
greater extent. A strait is, therefore, the analogue of an isthmus. 

A strait is often but improperly called by the plural term 
straits ; thus the Strait of Gibraltar is frequently denominated 
the Straits of Gibraltar. 

23. dhannelji are narrow tracts of water flowing between 
opposite coasts that are nearly parallel, and are much wider than 
straits. 

24. aoads and Roadsteads are tracts of water sheltered by 
adjacent lands from violent or dangerous winds, having sufficient 
depth for safety, and not too great depth for anchorage. They are 
stations where vessels are accustomed to lie at anchor. 

25. Banks and Sandbanks are parts of the bottom which lie 
so near the surface as to be attended with danger, and in places 
much aJSected by tides are often uncovered at low water. 

26. Reefii are sunken rocks, which rise so near the surfiMe, 
that the waves in passing over them are broken into foam, 
which thus render their presence manifest to mariners. In a 
calm sea, however, as there is nothing to indicate their presence, 
they are a great source of danger to the navigator. 

27. Soundings.— The depth of the sea is found by a sounding- 
line, which is a cord of sufficient length, to the extremity of 
which a heavy piece of lead is attached. Upon this cord knots 
are made at intervals of five fathoms, the number of knots counting 
fit)m the lead being indicated by visible marks. The lead is 
let down into the sea from the deck of the ship ; the sounding- 
line to which it is attached being coiled round a cylinder, or 
reel, which turns freely on an axle. Two seamen hold up the 
reel by handles at the extremity of the axle, while another 
observes the line passing over the bulwark ot t\i^ N^sft^* '^^^ 
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leaden weight sinking in the water draws with it the line, which 
thus unrolls itself from the reel, and this continues until the lead 
strikes the bottom. When that takes place the reel ceases to 
revolve and the line to sink, and the seaman who observes the 
sounding, notes the number of the knot which is nearest the 
surface, and thus obtains the depth, which is always expressed in 
fathoms. 

The lead, suspended from the extremity of the sounding-line, 
is cup-shaped at its lower end, and grease, technically named the 
arming f is put into the cavity, so as to be capable of taking up 
by adhesion a portion of the shells, sand, or other substance, which 
is at the bottom, with which it comes into contact. This being 
drawn up, the navigator is informed not only of the depth, but 
of the quality and character of the bottom, which often serves 
him as a guide to his position. 

In this manner surveys are made of the bottoms of all seas 
which are much navigated, and charts are drawn and engraved, 
upon each part of which is marked the number of fathoms of 
depth in the corresponding parts of the sea, and frequently the 
character of the bottom. 

It happens fortunately that the general depth of the oceans and 
open seas is so considerable as to be attended with no danger to 
navigation. Such charts, therefore, as are here described are 
only necessary for navigation in enclosed seas and tracts of water 
near to coasts. 

28. Zaakes are sheets of water, of greater or less magnitude, 
completely surrounded by land, and having no superficial com- 
munication with the sea. They are, therefore, to the water what 
an island is to. the land, and, like an island, the name is generally 
restricted to magnitudes which are not very great. A lake of great 
magnitude is generally called an inland sea. 

Like other geographical terms, these, however, are arbitrary ; 
some sheets of inland water called seas being less than others 
called lakes. 

29. Rivers are lai^ streams of fresh-water, formed by the rain 
which falls on elevated parts of the land, descending the de- 
clivities in streams, which, gradually uniting one with another, 
form at length a large course of water, which receives the name of 
a river. 

30. The Bed of a River is a groove formed in the land, de- 
scending in a direction varying with the level of the surface, 
until it reaches the coast, where its water is discharged into 
the sea. 

31. The Banks of a River are the land which confines its 
course on either side, and are disting;aished as the right and left 

136 



LAKES AND BITERS. 

banks, that which is to the right in descending the river, being 
called the right bank, and the other the left bank. 

32. Tributaries, or affluents, are the streams which flow into 
a river on one side or other of its course. In the larger rivers 
these tributaries themselves are often considerable rivers, and 
receive along their course subordinate tributaries. 

By reason of the common tendency of water to find the lowest 
levd, rivers flow along the bottoms of valleys, and their winding 
courses, often very complicated, are determined by the varying 
direction of these valleys. Their tributaries run along the 
bottoms of smaller valleys, intersecting that of the principal river 
at various angles. 

33. The Valley, along the bottom of which a great river flows, 
usually receives its name from that of the river, and is often of 
vast extent; the declivities which form its sides sometimes 
measuring hundreds, or even thousands, of miles. 

34. IVatershed is the name given to the declivities which 
thus determine the tributaries of u great river, and the whole 
extent of the valley is sometimes called the basin or hydrographio 
region of the river. 

35. Delta. — A great river, in approaching its mouth, often 
diverges into different channels, forming angles with each other, 
and thus discharges itself into the sea by two or more mouths. 
These diverging branches are called a deltaj from a fancied 
resemblance, presented by the two extreme branches and the 
line joining tiie two extreme mouths, to the Greek letter A, 
delta. 

36. Bituaries.— The mouths of rivers are often placed in inlets 
of the sea, where the tide ebbs and flows, so that the waters of 
the sea alternately enter the mouth of the river and retire from 
it with the rise and fall of the tide, mi Ting with the water of the 
river, and thereby producing a constant state of agitation in the 
water of such an inlet. The name estuary has accordingly been 
given to such sheets of water, from the Latin word eestus, signify- 
ing the agitation of water such as that here described. 

37. nrths.— The name firth, also written Mth, is some- 
times given to estuaries ; this term, however, is more particularly 
applied in Scotland. Thus the estuary of the river Forth, which 
lies between Fifeshire and Edinburgh, is called the Firth of 
Forth. 

The term firth or frith is generally assumed to be taken from 
the Latin word /return, a strait or narrow neck of the sea. 
Mr. A. K. Johnson, however, considers it to be derived from the 
Scandinavian term Jtord^ pronounced Jiurth, which luus the same 

signification. 
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THE SUBFACB OF T^ EABTH. 

The |irincipal terms composing the geographieai notnenolatnre, 
&iid ezprebiiug the forms afieot«d bf the outlines of land end 
waters, and liie forms of relief prodnoed by the Tarying elevation 
and depreuion of the snrfaoe of the land, being clearly under- 
stood, a general desoription of the globe we inhabit, as it i« 
diversified by land and water, and by the nndnlating surfaoe of 
the former, will be easily rendered intelligible. 




THE GREAT EA8TEEN CONTINEKT. 

38. TtM extent and Umita.— This vast tract has an oUong 
form, as already indicated ; its extxeme length being someiAat 
more than twice its extreme breadth. It is i&olnded between SOf 
west and 190° east longitude, and between 3S° sontli and 75* 
north latitude. Nearly its whole extent lies thereforo in the 
northern part of the eeatem hemisphere. A small pwtioR of the 
nortb-westem part of AlHca, including Horoooo, juta into tiie 
western hemisphere, and the southern promontory of the same 
division of the great continent, terminating in the Cape of Good 
Hope, projects into the sontheru hemisphere. 

This coctinuons tract of land oonsisbi, as is well known, of thret 

unequal divisions, which, though not detached one from aaothsi 

fy sea, JiaTO received tlw name of oontinents. The a 
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these in magnitude, but transoendently the most important in 
its social and political character, is Eubope, which occupies the 
northwest corner of the great continent, being separated from 
Africa by the Mediterranean Sea, and from Asia1)y a low chain 
of mountains called the Ural, a river of the same name, the 
Caspian Sea, a great sheet of inland water, into which this river 
discharges itself, and the Black Sea. 

39. Ite divisioiii. — ^If the whole superficial extent of the 
great continent be supposed to consist of eight equal parts, the 
area of Europe will be one of these parts, that of Africa three, and 
that of Asia, which covers the remainder, four. 

Africa is divided from Europe by the Mediterranean Sea, and 
from Asia by the oblong tract of water, directed N.N.W. and 
S.S.K, called the Red Sea. This sea is connected with the 
Indian Ocean, lying to the east of Africa, and the south of Asia, 
by a narrow neck of water, called the Strait of Bab-el-Mandeb. 

40. The BUediterranean sea, which forms one of the most im- 
portant features in the western part of the great continent, lies in 
a direction nearly east and west, and communicates with the 
Atlantic Ocean by a narrow neck of water, interposed between the 
southern point of the Spanish peninsula, and tiie north-western 
corner of Africa, called the Strait of Gibraltar, from the rock 
of that name at the point of Spain. 

41. 9telie£ — ^The relief of the surface of the great continent is 
characterised by an elevated ridge, the general direction of which 
is parallel to its longitudinal axis, and is consequently E.N.E. 
and W.S.W. very nearly, but the summit of this ridge is much 
nearer to the southern than to the northern coast of the continent, 
so that it divides its area very unequally. The declivity, therefore, 
which slopes to the southern coast, is much more' rapid and 
shorter than that which extends to the northern coast. 

42. Ito northern belt— The northern division consists of a 
great belt of flat surface, beginning with the plains of Holland 
at the west, and terminating with the deserts of Siberia at the 
east, being only interrupted by the ehain of Ural Mountains, 
running north and south at the confines of Europe and Asia. 
Except where human industry has redeemed it, and brought it 
under cultivation near its western extremity, the characteristic 
of this plain is that of marshiness and insalubrity. 

43. The southern belt— The more limited plain south of the 
ridge-summit, already mentioned, commences at the west with the 
great African desert of Sahara, and stretches with little inter- 
ruption across Arabia, Persia, and Northern India, to the shores 
of Eamtschatka. 

44. Prevailinfif wnm^Tifa^tti _ ftimiiiM. — The various moxuodba^- 
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ebams, the combination of whioh forms the main ridge of the 
great continent, commence with Mount Atlas and the Pyrennees 
at the extreme west, and are continued by the Alps and the 
Himalaya to th& Altaic mountains at the extreme east. 

45. Outlines of Buropej their adaptation to Oommeroe.—- 
The most striking geographical feature by which Europe is 
distinguished from the other parts of the great continent, consists 
in the numerous and extensive inlets of water by which it is 
penetrated and intersected in all directions. No equal extent of 
land in any part of the globe presents a like phenomenon, and to 
this, as much as to its temperate climate, must undoubtedly be 
ascribed the immense socitd, commercial, and political predo- 
minance which it has acquired and maintained. By this reticu- 
lation of inland seas, gulfs, bays, and straits, nayigation and 
commerce arrive within short distances of all its internal centres, 
and its vast extent of coasts is studded with cities and towns, 
and sheltered ports and harbours, which become so many em- 
poriums of commerce, and centres and sources of wealth and 
civilisation. 

46. l^Hiite Sea.— At its extreme north, Europe is penetrated 
by an enclosed sheet of water of great magnitude, called the White 
Sea. On the west, the Baltic enters it, ramifying in different 
directions, throwing out north and west the gulfs of Bothnia and 
Finland, and sprinkled with islands and vast peninsulas, which 
form kingdoms of great importance, such as Denmark. 

47. Norway and Sweden are formed into a great peninsula, 
separated from the continent by a broad neck of land,, included 
between the North Sea on the west, and the head of the Gulf of 
Bothnia on the east. 

48. British Isles. — ^Nearly opposite the mouth of the Baltic, 
and the north-western point of France, are placed the British 
Isles, separated from the coast of Holland and Belgium. by the 
German Ocean, and from that of France by the English Channel 
and the Strait of Dover. These islands, combined with the sub- 
ordinate ones with which they are surrounded and skirted, such 
as the Shetlands, the Orkneys, the Western Isles, the Isles of 
Man and Anglesea, the Scilly, and the Channel Islands, may be 
considered as forming an archipelago, the principal divisions of 
which are richly intersected by channels, bays, and gul&, which 
have so favoured navigation, as to enable the British nation to 
attain and maintain that commercial and naval pre-eminence, 
for which she has so long been celebrated. 

49. France, the most important and powerful of the European 
states, occupies the centre of Western Europe. Her territory is se- 
parated on the east from those of the German states by the Ehine, 
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from that of Switzerland by the chain of the Jura, from Italy by 
the Alps, &om AMcaby the Mediterranean, and from Spain by the 
Pyrenees. On the west it is limited by the Atlantic, and on the 
north, in the absence of any natural boundary, is diyided from 
Belgium by a frontier settled by political conventions. 

50. Spain and Fortuf^ occupy a portion of land having the 
peninsular form, the neck by which it is connected with the con- 
tinent extending from the Bay of Biscay to the Gulf of Lyons, and 
being traversed by the chain of the Pyrenees. This neck of 
land, so much narrower than the general width of the Spanish 
peninsula, is nevertheless much too wide to entitle it to the name 
of an isthmus. 

In the geography of Europe the tract thus occupied by Spain 
and Portugal is usually called the Feninaula, without other 
designation. 

51. Italy. — The southern part of Italy projects into the 
Mediterranean Sea in the form of an oblong tract of land, having 
at its southern extremity a smaller tract nearly at right angles to 
it ; the outline of the whole presenting a striking resemblance to 
a boot. . The Italian territory, however, occupies a wide extent of 
land north of the boot, enclosed on the north by the chain of the 
Alps. This northern part of Italy includes the territories of 
Venice and the Milanese, called Lombardy, at present part of 
the Austrian empire, and the kingdom of Sardinia. That part of 
the Italian territory forming the boot, being nearly surrounded 
by water, with the Adriatic on one side and the Mediterranean 
on the other, is distinguished as the Italian Peninsula. 

52. Sicily. — Immediately at the toe of the boot, and separated 
from it by a narrow neck of water, celebrated in history as the 
Strait of Messina, is the fertile and beautiful island of Sicily, one 
of the most remarkable features of which is the volcano called 
Mount Etna. 

53. Greece projects into the eastern end of the Mediterranean, 
having, like Italy and Spain, the peninsular character. These 
three tracts have been noticed even by ancient geographers as the 
Spanish, Italian, and Hellenic peninsulas. 

54. Arohipelafi^a — The arm of the Mediterranean which, 
turning to the north, intervenes between the Hellenic peninsula 
and the coast of Asia Minor, thickly sprinkled with islands, is the 
Archipelago or ancient ^geean Sea, from which all other tracts 
of water of a similar character have taken their name. 

55. Dardanelles and Bosphonis. — The Archipelago is con- 
nected with the great inland sea, called the Black Sea or the 
Euxine, by a narrow neck of water, consisting of two straits, 
between which lies a wider strip of sea. The strait which is next 
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the Archipelago is called the Dardanelles, the ancient Hellespont ; 
and that which is next the Black Sea, the Bosphorus ; the inter- 
mediate water being called the Sea of Marmora. 

56. The Blaek Sea is nearly enclosed by land, but com- 
municating through the Bosphorus with the Archipelago and 
the Mediterranean, it cannot properly be considered as a lake. 
Its water is, nevertheless, much less salt than that of the ocean, 
and it is consequently more readily frozen. Its depth near the 
shore varies from 24 to 220 feet, and in the middle is more than 
1000 feet. 

57. Sea of AxoC — This sea communicates with a smaller one 
, north of it, called the Sea of Azof, by a narrow neck of water, 

called the Strait of Yenekali. A tract of land nearly surrounded 
by the waters of the Black Sea and the Sea of Azof, and connected 
with the continent by a narrow neck of land, is called the Crimea; 
the connecting neck being called the Isthmus of Perikop. This 
peninsula has been celebrated for the fortress of Sebastopol erected 
by Russia near its southern extremity, and destroyed in 1855 by 
the allied armies of France and England. 

58. The OkKpian, — ^Near the southern confines of Europe and 
Asia is the largest lake in the world, called the Caspian Sea. Its 
water is salt, but much less so than the ocean, and it is shallow, 
even at its centre, the depth not exceeding 300 feet. That it can 
have no immediate and uninterrupted subterranean communication 
with the Black Sea, which is near it, is proved by the fact that 
the level of its surface is 82 feet below that of the latter sea. 

59. Afirica is an immense triangular-shaped tract of land, the 
base of which is presented towards the north, and the point to the 
south. Its coast is everywhere nearly uniform, and entirely 
destitute of those indentations for which Europe is so remarkable. 
It projects southwards into the great ocean, which it divides into 
two regions, of which the western is called the Atlantic, and the 
eastern the Indian Ocean. As has been already stated, Africa is 
separated from Asia by the Red Sea, except at the point where 
they are connected by the narrow isthmus of Suez. 

This division of the great continent is, beyond all comparison, 
the most uncivilised and desert portion of the globe. It includes 
a vast range of country, extending from the northern to the 
southern tropic, and lying, therefore, altogether in the torrid zone. 
By reason of the great extent of desert of which it consists, the 
insalubrity of its climate, and the barbarous character of its 
inhabitants, it is little known to Europeans. 

60. Its Oiixnatological Xones. — It may be considered as con- 
sisting of a succession of zones, separated by parallels of latitude, 
having diferent physical characters. 
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61. The Tell and Sahara. — The northern zone, included be- 
tween the ridge of Mount Atlas and the Mediterranean, is a band 
of fertile country, generally called the Tell, probably from the 
Latin word teUus, the earth. South of this is a vast band, 
running east and west, about 1800 miles broad, comprising Sahara 
or the great desert. This eztensiye surface consists of tracts of 
sandy and stony soil, rarely producing vegetation, and, when it 
does, of the most scanty description, with the exception of certain 
spots appearing here and there in this ocean of desolation, like 
islands of fortuity. These are called Oases, and depend for their 
productiveness on local springs. 

62. Talley of the ITile. — On the west this desert not only 
descends to the verge of the ocean, but is continued with the same 
character for many miles beneath its surface and beyond the 
coast. On the east, it descends by a series of sterile terraces 
to the valley of the Nile, where the soil suddenly acquires 
a high degree of fertility, which character it retains throughout 
the whole extent of country between the Nile and the Ked Sea. 
The entire valley of the Nile, &om the skirt of the Desert to the 
Delta, and &om the right bank of the river to the Red Sea, has 
been celebrated in ancient history for its general fertility, a 
character, nevertheless, which is not altogether without exception, 
an example of which is presented in the tract over which the 
route between Cairo and Suez is conducted. 

63. The central Belt of Africa, immediately south of the 
great desert, has quite a different character, being both fertile 
and populous. 

64. The fourth zone, lying south of this, is almost unjaiown, 
except on its seaboard. It is supposed to consist of an extensive 
and elevated table-land, with lofty mountain-ranges rising out 
of it, from which character it is distinguished in geography as 
High AMca. 

65. The southern zone of the great African peninsula con- 
sists of a triangular area, the vertex of which projects into the 
Southern Ocean, and is terminated by the celebrated Cape of 
Good Hope. This part is diversified by hill and valley, and is 
naturally fertile, supplying extensive pasturages. The native 
tribes which inhabit it are the Hottentots and Caf&es. The 
English colony, originally Dutch, has been generally confined to 
the southernmost part of the angle, but has a constant tendency 
to push their territory farther north, thereby coming into contact, 
and frequently into confiict, with the natives. 

66. The ooasts. — It has been already observed that the coasts 
of Africa are singularly destitute of all projections and indent- 
ations, and, consequently, ill-adapted for commerce. Tor the 
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same reason, there is a remarkable absence of those numerous 
islands which enrich all coasts deeply indented, which considered 
in their physical character are in fact parts of the mainland, 
separated from it by valleys so deep as to allow the sea to 
ilow through them. Madagascar, on the east coast, is the only 
African island. There are a few islands of much less magnitude, 
called the Comano Islands, between Madagascar and the coast. 
Most of the other islands which appear in the Indian Ocean are 
too distant to be regarded as mere appendages of AMca. 
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and Rocky Mountains. — 92. Cordilleras and Andes. — 93. Andes of 
Patagonia and Chili. — 94. Andes of Bolivia and Peru. — 95. Cordil- 
leras. — 96. Potosi. — 97. Pampas of Patagonia and Buenos Ayres. — 
98. Selvas of the Amazon. — 99. Llanos of Orinoco. — 100. Alleghanies. 
— 101. Eastern plain of North America. — 102. Great valley of the 
AOssissippi. — 103. The Prairies. — Outlines op the land. — 104. The 
prevalence of the peninsular form. — 105. The South American penin- 
sula. — 106. The North American peninsula. — 107. The West Indian 
archipelago. — 108. The peninsula of Florida. — 109. Lower California. 
—110. Greenland.— 111. Africa.— 112. Australia.— 113. New Zea- 
land. — 114. Similar tendency in smaller regions. — 115. The Spanish 
peninsula. — 116. The Italian peninsula. — 117. The Hellenic penin- 
sula. — 118. The Crimea. — 119. The Scandinavian peninsula. — 120. 
European peninsula. — 121. The Indian peninsula. — 122. Further 
India. — 128. Hemisphere of most land. — Rivebs. — 124. Formation 
of rivers. — 125. Effect of a single ridge. — 126. Example in the eastern 
continent. — 127. Example in South America. — 128. Effect of parallel 
ridges. — 129. Chief tributaries considerable rivers. — 130. Example 
of Missouri. — 131. Trifling elevation of watershed. — 132. Portage. — 
133. Examples of rivers in North America. — 134. Eastern rivers. — 
185. Western rivers. — 136. The Mississippi and its tributaries. — 
137. Valley of the Mississippi. — 138. Red River, Arkansas, Ohio. — 
139. St. Louis.— 140. Illinois. 

67. Aflia, constituting in geographical extent fully half the 
great continent, and occupied by a population numbering half the 
total amount of the human race, is in many respects an interesting 
quarter of the globe. It is in immediate geographical continuity 
with Europe, separated from Egypt only by the narrow strip of 
water called the Red Sea, and connected with it by the isthmus 
of Suez, and separated on the east from the American continent 
by the narrow neck of water called Behring Straits. Its eastern 
coast is fringed with innumerable islands, and indented by large 
bays and gulfs ; and its southern points are in a certain sense 
connected with the new continent of Australia by the archi- 
pelago which intervenes between the Indian and Pacific Oceans, 
of which the most considerable islands are Sumatra, Borneo, 
Pappua, and Java. The equator traverses the middle of this 
archipelago, the whole extent of which is included between 20** 
of north and lO'' of south latitude. 

68. Its plateauic — The mainland of Asia consists of two ex- 
tensive plateaux, each of which is limited and intersected by 
mountain-chains, from which the surface falls by a succession of 
slopes and terraces to the level of the lowlands. 

69. The eastern plateau, which is the most elevated, includ- 
ing Thibet and the desert of Gobi or Shamo, has an elevation 
varying from 4000 to 15000 feet above the level of the sea. 

This great tableland has for its southern limit the Himalaya 
chain, for its northern the Altai, and the chain called Thian. On 
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the west it is limited by the Bollortagh, and on the east by a 
chain running directly north from Pekin called the Khingan 
mountains. 

70. Its phyiioal ohaxaeter. — The physical character of 
this vast plateau may be in some degree comprehended, when it 
is stated that it consists of three-fourths of a million of square 
miles of surface, having a general elevation greater than that of 
the most lofty mountain-ranges of Europe. 

This plateau descends towards the north by gentle slopes, so 
as to convert the extensive zone of surface along the northern 
coast into a vast plain, the general elevation of which above the 
surface of the sea does not exceed a few hundred feet. 

On the south and south-east sides, the great plateau advancing 
comparatively close to the coast, the descent is much more rapid. 

71. The inrestem tableland embraces the tract between 
the Caspian Sea and the Persian Gulf on the north and south, 
and the river Indus on the east. It does not exceed 4000 feet in 
elevation, and is generally less. This tract, called the tableland 
of Iran, the ancient Persia, is now divided into Cabul on the 
east, and Persia on the west. Stretching in the direction of 
the north-west to Asia Minor, it slopes gradually down to the 
archipelago. 

72. British India i Dekkan plateau.— One of the geogra- 
phical features of this division of the great continent is the tri- 

* angular projection which juts down into the Indian Ocean, and 
constitutes the chief part of the territory of British India. 
This also consists of a plateau, of moderate elevation, called the 
tableland of Dekkan, Between this, which covers the whole 
extent of the peninsula and the Himalaya mountains which 
run east and west, is a plain of low elevation, called the plain of 
Hindoostan, forming the valley along which the Ganges, with its 
tributaries, flows from west to east, forming its delta, and dis- 
eharging itself into the Bay of Bengal, at the northern extremity 
of that gulf near Calcutta. The western portion of the same 
plain slopes towards the Arabian Sea, and is the valley similarly 
drained by the Indus and its tributaries. 

73. Australia, formerly called New Holland, is an insular 
mass, whose extent and importance are such that it has ceased to 
be called an island, and is now generally ranked as a continent. 
It is placed south of the line between latitudes 15° and 40^. 
Near it are several other islands of less magnitude, the principal 
of which is New Zealand. South of it is a smaller island, formerly 
called Van Diemen's Land, and now denominated Tasmania. 

74. Australasia. — The group consisting of Australia, Tas- 
mania,. New Zealand, and the smaller islands near them.^ «xfiv 
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ealled by modern geographers Australasia, being the most con- 
siderable tracts of land in the southern latitudes. The various 
islands sprinkled in countless numbers over the Pacific Ocean, 
comprising Australasia itself, have received the general name of 
Oceania. 

75. Polynesia. — Those which lie between the Indian Archi- 
pelago and the western coast of America, taken collectively, have 
been called Polynesia, 

76. British Colony; its territory and physical features. — 
From the circumstance of the recent gold discoveries, and the con- 
sequent emigration from the United Kingdom to Australia, this 
colony has acquired a greater interest than any which its mere 
geographical pretensions could claim for it. It may therefore 
be desirable here to notice its physical character and conditions. 

Notwithstanding the immense immigration which has taken 
place, and the excitement attending the mineral researches, of 
which it has become the theatre, the surface of this great island 
has been but very imperfectly explored. One of the most remark- 
able and geographical characters it presents is the complete 
absence of large navigable rivers, and the uniform outline of its 
coast, which has no indentations forming bays, gulfs, or other 
inlets. It is surrounded by a chain of mountains, the sum- 
mit-ridge of which is from 30 to 40 miles from the shore. The 
chain running along the eastern coast, which is best known, 
is called the Australian Alps at the extreme south, the Blue 
Mountains near Sidney, and the Liverpool chain towards the 
north. From the slopes of these mountains a few small rivers 
descend, which are so inconsiderable as to be nearly dry in 
summer. The interior consists of a series of low plains, which 
include good pasturages, and large tracts covered with sand and 
shells, which have an appearance such as would be presented by 
a surface from which the sea had recently retired. Some consider- 
able streams have been seen in the interior, but whether they flow 
into an inland sea like those which run into the great i^iatio 
lake, or are absorbed by the sands, has not been ascertained. 

One of the most curious physical characters connected with this 
island is the existence on its north-eastern coast, at a distance of 
from 20 to 70 miles, of the longest coral reef in the world, measuring 
about 1200 miles in length, and rising out of the bosom of a sea 
said to be fathomless. The breadth of this reef varies from a few 
hundred yards to several miles. 

77. Its cUmate.— When it is remembered that the extreme 
latitudes of Australia are 15° and 40'', it may be expected that its 
climate must be mild and salubrious. With a drier atmosphere 
it haa all th^ thermometrio characters of Southern Italy. The 
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Yegetation seems to be maintained by the deposition of dew, tor 
it often happens that intervals of seyeral years elapse without 
rain. When rain does occur, however, it is periodic, and prevaiU 
through three months. 

78. Vegetable productions. — The natural vegetable pro- 
ductions are neither considerable nor usefid ; there is no species 
of edible fruit. The trees composing the woods appear to be of 
one uniform family, the foliage being scanty and almost shadow- 
less. On the other hand, transplanted vegetation is easily natu- 
ralised. Districts are found adapted to the cultivation of all sorts 
of grain ; but, for the present, the most advantageous employment 
of the soil is for pasturage. 

79. The indigenous atii*inni« are few, being mostly of the 
family of marsupia, such as the opossum and kangaroo. The 
most remarkable and anomalous of these animals is one called 
the omithorhynchus, which is a sort of connecting link between 
birds and qusidrupeds, having the bill and feet of a duck, and the 
body and fur of a mole. 

80. Blinerals — Gold — It is well known that gold in large 
quantities is found in this region. It may be added, however, 
that^ooal and iron also exist there in inexhaustible quantities, as 
well as marble, lead, and copper. 

81. Aboriginal Tribes. — The native tribes, which appear to 
prevail in but limited numbers, are in the lowest state to which 
nature can sink. They are generally nomadic, but sometimes 
build rude villages, and subsist by fishing on the coast. 

So utterly degraded is their condition, moral and physical, that 
many tribes are unprovided with clothing, practise cannibalism, 
and are wholly destitute of social and religious ideas. 
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82. Its extent and ibrm. — Like the great eastern continent, 
the western is an oblong tract of land, the length of which inter- 
sects the parallels of latitude obliquely, being directed first from 
the S. S. E. to N. N. W. and then turning eastward in approach- 
ing the pole. It extends from 50"* S. lat. to the utmost limit of 
polar discovery. 

83. Divisions— South America.— This continent consists of 
two peninsulas, connected by a narrow tract of considerable 
length. The southern peninsula resembles Africa in its general 
outHne, having a triangular form, with its base towards the 
north, and its vertex to the south. It also resembles the African 
continent in having coasts but little indented by bays or gulfsx 
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bitt differs from it in being int«neoted by lai^ and extensiTe 



« b the tmSt of land uniting South America 
vitii the northem peniDBnla. Its soutbem put being not more 
tluR 30 mUea wide, is denominated the isthmiu of Darien or 
Panama, a toim of the latter name being on its weatem ooast. 




85. Motth Amerioa, like Eorope, is indented with n 
hays, and ita northern division has the laigest oolleetione of fresh 
water in the world, consisting of five extensive lakes, — called 
SnperioT, Michigan, Huron, Erie, and Ontario, which oommnni- 
oato with each other, and discharge their water through the 
River St. Lawrence into the gulf of that name. 

86. XIa extent and Umita. — North Amerioa u separated from 
Asia by Behring Strait on the west, and from the large island of 
Qreenland by BafGn's Bay and Davis's Strait on the north and 
east. 

A sort of northem archipelago intervenes between this oonti' 
nent and Greenland, into which nomeroos promontories project, 
and the waters of which are Tarionaly denominated, the laigest 
of these inlets being Hudson's Bay. 

S7. Urn poUti«al dlriaioaa.— In political geognq>hy Nwth 
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America consists of several diyisions, the central part being the 
United States, the north-eastern British America, the north- 
western angle near Behring Strait, Eussian America, and the part 
forming the southern point, Mexico. 

88. Gulf of Blezioo and 0«ribbean Sea. — ^The large inlet of the 
ocean enclosed between the northern coast of South America, the 
southern coast of North America, and the eastern coast of Mexico 
and Central America, consists of the Gulf of Mexico and the 
Caribbean Sea, its eastern part, sprinkled with the West Indian 
islands, forming an archipelago. 

89. Relation between the coasts of Old and New Oontinent. 
— It has been observed by Humboldt, that on comparing the eastern 
coast of South America with the western coast of Africa, the 
same correspondence is observed between them as is usually seen 
in the opposite sides of a valley or ravine ; from which he argues 
that the bottom of the Atlantic, which flows between these conti- 
nents, ought to be regarded as an extensive valley, the sides of 
which, rising to an elevation above the level of the water which 
fills it, form the coasts of the two continents. Thus the concavity 
on the African coast, called the Gulf of Guinea, has a correspond-^ 
ing convexity on the South American coast forming the territory 
of Brazil, and the convexity at the north-western comer of 
Africa, of which the coast of Morocco forms a part, corresponds 
with the opposite concavity formed by the Caribbean Sea and the 
Gulf of Mexico. So that if the two continents were moved 
towards each other, and brought into contact, their coasts would 
£t into each other, like the dove-tailed edges of carpentry. The 
Atlantic, following the course of this submarine valley, entering 
between the Cape of Good Hope and Cape Horn, flows flrst in a 
northerly direction, a little towards the east, next, after passing 
the Gulf of Guinea, in a north-westerly direction, and Anally, 
after passing the north-western coast of America, in a north- 
easterly direction. 

90. The relief of the western continent is characterised by a 
continuous ridge of considerable elevation, which traverses it longi-* 
tudinally from its northern to its southern limit, lying much 
nearer to the western than to the eastern coast. 

91. Ohippewayan and Rocky Mountaina. — ^The part of this 
ridge or mountain-chain which traverses North America, com- 
mencing at the Frozen Ocean, is called in its northern division 
the Chippewayan range, and in its southern division by the better 
known name of the Eocky Mountains. 

92. Cordilleras and Andes. — After passing along Central Ame- 
rica, this ridge takes the name of the Cordilleras and Andes, 
and rising to much greater heights, and throwing u^ ^^>s^ \fesi6^ 
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which are frequently volcanic, it is continued in a direction 
parallel to the western coast of the continent, until it terminates 
in the Tierra del Fuego, the southern point of which is called 
Cape Horn. 

93. Andes of Fatai^onia and OhilL — Between this point and 
Chili, returning northwards, the slopes of the Andes descend to the 
waters of the Pacific, the coast being lined with numerous islands 
and indented with arms of the sea, an outline which indicates 
the continuation of the mountain range below the waters of the 
ocean; the capes, promontories, and islands being merely the 
ridges and summits of the spurs and peaks of the main range, 
whose bases are established at the bottom of the ocean. Pro- 
oeeding northward, the general direction of the chain takes a 
more inland course, leaving between its base and the sea a long 
and flat tract of land, whose coast is no longer broken by the 
indentations just described, is completely destitute of islands, and 
forms no shelter for navigators. 

94. Andes of Bolivia and Peru.— Still proceeding northward 
and approaching the Peruvian territory, the general elevation of 
the Andes rapidly increases, and their summits rise to vast 
elevations above the snow-line; among these is the Nevado 
Aconcagua, having an elevation of 24000 feet, and being the most 
lofty point of the western continent. This peak was originally 
volcanic, but within historic record it has not been active. 

About latitude 24° south, the chain takes the name of the 
Peruvian Andes, and here it is at a considerable distance from 
the western coast, from which it is separated by a sandy 
desert. 

95. Cordilleras. — ^North of 21"* lat. south, the chain of the Andes 
diverges into two or three separate ridges, called Cordilleras, 
which are connected at different points by their common spurs 
issuing transversely to their directions, so as to form a net- work 
enclosing numerous valleys, the bottoms of which are elevated to 
a considerable height above the level of the sea, forming in many 
cases plateaux and tablelands of great extent, the most remark- 
able of which is that of Desaguadero, which measures 400 miles 
in length, with a breadth varying from 30 to 60, and a general 
elevation of nearly 13000 feet above the level of the sea. Vast 
peaks are thrown up from the borders of this immense plateau to 
the height of more than 8000 feet above the surface, rising far 
above the snow-line. 

96. PotosL— Upon this extensive tableland, whose area is 
three times that of Switzerland, stands Potosi, the highest city in 
the world, at an elevation of 13330 feet above the level of the 
sea, with a populatioiL of ^OCKK), This city is built on the 
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northern declivity of a mountain called Cerro de Potosi, whicli is 
rich in mineral yeins, and especially in silver. 

97. Pampas of Patafi^nia and Buenoa Ayrea. — Since, as 
has been explained, this great chain runs close to the western 
coast, it may be expected that a vast tract of plains, or lower 
lands, must extend from the foot of its eastern declivity to 
the eastern coast of the continent. This tract in South America 
is covered with the deserts and pampas, as they are called, of 
Patagonia and Buenos Ayres, the surface of which is sandy and 
marshy, or saline, producing nothing but a scanty pasture and 
stunted trees. 

98. Selvaa of Amazon. — Another portion, consisting of 
the valley of the great River Amazon, called Selvas, consists of 
a space of more than two millions of square miles, a part of which 
is covered with natural forests, and the remainder with grassy 
pampas. 

99. Uanoa of Orinoca — The valley of the Orinoco, another 
division, is characterised by vast flat lands, called Llanos, 
covered with long grass, interspersed here and there with palm 
trees, used by the traveller in these inhospitable regions as land- 
marks. 

100. Alleghaniea.— Extensive lowlands stretch in like manner 
over North America, between the chain of the Rocky Mountains 
and the eastern coast. This division of the continent is also inter- 
sected in a direction parallel to the Rocky Mountains, and nearer 
to the Atlantic by a chain of much lower hills called the Alleg- 
hanies, which, like the former, extend from the Gulf of Mexico to 
the Arctic Ocean, enclosing an area of more than 3,000000 of 
square miles. 

101. Saatem Plain of North America. — Between the 
chain of the Alleghanies and the Atlantic coast is another plain 
parallel to the former, of nearly equal length from north to south, 
but of less width. The eastern coast is indented and fringed with 
numerous bays and creeks, which favour commerce and navigation. 

102. Great Talley of the Misaiaeippi— The extensive valley 
lying between the chain of the Alleghanies and the Rocky Moun- 
tains is drained by the Mississippi, the largest and most important 
river in the world, next to the Amazons, which, nevertheless, it 
exceeds in length, though inferior to it in the extent and number 
of its tributaries. 

103. The Prairiea. — Among the features which characterise 
the land in the western continent, and more especially in its 
northern part, the Prairies demand especial notice. These are 
vast plains, generally covered by deep herbage, and which form a 
level so dead and uniform, that it is uxioombV^ \ft Tfc5a&\. *0s^^ 
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impression tliat they must have been once the bottoms of large 
sheets of water, since nothing bat sedimentary deposition coald 
produce a level so uniform. The extent of many of these plains 
is so great, that in trayersing them points may be attained 
from which all the surrounding country will cease to be yisible, 
so that the prairie presents to the obsenrer a circular horizon, like 
that witnessed at sea from the deck of a ship. 

As there are, in general, no roads or paths trayersing these vast 
plains, the trayeller who yentures across them can only guide his 
steps by a compass, or by the stars. 

OUTLINES OF THE LAND. 

104. The preyalence of the peninsular form with the point- 
ing southwards is one of the most remarkable features in the 
configuration of the land. The angular point is also generally 
succeeded or surrounded by one, or several islands; and where 
such islands are not apparent, the tendency towards their forma- 
tion is discoyerable by the soundings, which prove the existence 
of shoals in the places where such islands would otherwise be 
apparent. A general view of the map of the world will strikingly 
illustrate these observations. 

105. The South American Feniiurala is an example of such 
a form upon a grand scale. Like all the other forms of this olass^ 
it is a triangle, haying its base presented towards the north, and 
its vertex jutting into the Southern Ocean, where it terminates in 
the point called Cape Horn. 

Its apex is broken by the ocean into a multitude of islands, 
the largest of which, separated from the main-land by the Straits 
of Magellan, is called the Tierra del Fuego, or land of fire, from 
several volcanic peaks which rise from it to the altitude of 4000 
feet. The southernmost island of the Fuegian archipelago termi- 
nates in the headland, or promontory, so well known as Cape 
Horn. 

106. The North American Peninnila has a like form, its 
southern point being Mexico ; but instead of terminating in the 
ocean, it is united with the South American peninsula by a tract 
of land called Central America, which, taken as a whole, may 
be regarded as an isthmus, although geographers have, in this 
case, limited that name to its southernmost and narrowest part, 
called the Isthmus of Panama. 

107. The l^eat Indian Arofaipelai^o stands in the same rela- 
tion to the North American peninsula as the Fuegian archipelago 
to the southern peninsula. This group of islands, celebrated as 
being the theatre of the great ^dsoovery of Columbus, is included 
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in the tract of water enclosed between the northern coast of 
South, and the southern coast of North, America. When 
Coliunbus undertook his TOjage, his purpose was to sail to India 
round the western hemisphere of the globe, and when he arrived 
at the island of St. Salyador, one of the Bahama group, he ima- 
gined that he was on the coast of India ; and hence this, and the 
other islands of the archipelago subsequently discoyered, came to 
be called the West Indies : they are, however, more commonly 
denominated by French and foreign geographers the Antilles. 

The extensive tract of sea enclosed by the coasts of North 
and South America, and the chain of West Indian Islands, is de- 
nominated the Gulf of Mexico, and the Caribbean Sea ; the former 
being included by the southern coast of North America, and the 
northern of Centnd America, and the latter by the northern coast 
of South America, the West Indian Islands, and the eastern 
coast of Central America. 

108. The Peninsula of Florida presents another example of 
the like form. It is the southernmost point of North America, 
jutting into the ocean between the Atlantic and the Gulf of 
Mexico, and terminating in Cape Sable, directly north of the well-* 
known harbour and city called Havannah, in the island of Cuba. 

109. Iiower Oalifbmia has the same peninsular form, directed 
southwards. It lies on the western coast of Mexico, from. which 
it is separated by an inlet of the Pacific, called the Gulf of 
California. It is terminated at its southern point in a headland 
called Cape St. Lucas. 

110. Oreenland, in the extreme north, presents an example of 
similar formation, being formed into an acute angle, jutting out 
into the Atlantic towards the south. 

111. Africa, in the Old World, is a stupendoiis example of the 
same peninsular outline. Like South America it is triangular, the 
base being presented to the north, and the vertex to the south; 
There are no islands below its vertex, but the tendency to the 
formation of one is indicated by the shoal called the ligguUas 
Bank, well known to mariners. 

112. Anatralia has a similar form, terminating with the island 
now called Tasmania, and formerly known as Van Piemen's 
Land. 

113. New Zealand, on a much smaller scale, presents a like 
example, terminating with an island called New Leinster. 

114. It is very remarkable that this tendency to the peninsular 
form with a soutiiem vertex, not only prevails in the continents^ 
bat is discoverable equally in the more minute outlines of the 
land which determines the shores of gulfs, bays, and inland seas. 

115. The Spaniah Peninsula, including Portu^, i& ^t\. ^x- 
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ample of the same preyailing form, its southern apex being 
marked by the celebrated rock of Gibraltar, separated from the 
northern coast of Africa by the narrow neck of water called the 
Strait of Gibraltar. 

116. The Italian Penimnila juts southwards into the Medi- 
terranean, with the islands of Sicily and Malta, and the small 
archipelago formed by the Lipari Islands, at its southernmost 
point. 

117. The Bellenio Peninwila is a like example, terminated 
by the Morea, and surrounded near its southernmost point by the 
Ionian Islands. 

118. The Crimea, in the Black Sea, is a peninsula of like form 
and position, terminating with a southern vertex near SebastopoL 

119. The Scandinavian Peninsula consists of Norway and 
Sweden, and enclosed between the Northern Atlantic on the west, 
and the Baltic and the Gulf of Bothnia on the east, presents, like 
the others, an apex to the south, and Zealand, and other smaller 
islands, lie off its southern point. 

120. Boropean Peninsula. — ^Humboldt observes that Europe 
itself may be regarded as a great peninsula projecting firom Asia, 
and enclosed between the Mediterranean and Black Sea on one 
side, and the Baltic and Arctic Ocean on the other. 

121. The Indian Peninsula juts into the ocean southwards, 
having, like the others, a triangular form, and the island Ceylon 
off its southern apex. 

122. Further India. — ^The tract of land called Further India, 
lying to the south of China, and including Cochin China, Siam, 
and Burmah, is another example of like form, terminating in the 
Malayan promontory with Singapore at its apex, and the Indian 
archipelago around its point. 

123. Bemisphere of most I«and. — ^There is a certain hemi- 
sphere of the globe within which nearly the whole of the land is 
included, the middle point of which is at the south coast of England. 
If an observer were elevated directly above this point, so as to 
obtain a bird's-eye view of the earth, he would see the whole of 
Europe, Asia and Africa, North America, andthechief part of South 
America, all comprised within the visible hemisphere: the only 
parts of the land which would be included within tbe hemispheie 
beyond his view would be the southern point of South Americflt 
Australia, and the islands of the Indian Archipelago. 

In Map 8, we have given these two hemispheres, having repro- 
duced them from the Physical School Atlas of Alexander Keith 
Johnston, a work which we strongly recommend to students to aid 
them in comprehending this tract. 
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124. Formation of Rivera. — The origin of all rivers is 
the eyaporation of the ocean. The surface of the oceans and 
seas has an extent, as has been already explained, equal to 
nearly three-fourths of the whole surface of the globe. This 
extensive mass of water is subject to an incessant process of 
evaporation. In this process, the pure water is separated from the 
salt and other solid matter which it holds in solution. The vapour, 
therefore, which ascends into and mixes with the atmosphere, is 
that of pure fresh water. Being lighter bulk for bulk than the air^ 
it rises into the higher regions, where it is transported in different 
directions by atmospheric currents. . By the operation of tempera- 
ture and electricity, it is converted into douds, which, attracted 
towards the most elevated points of the land, collect in dense 
masses around the ridges and summits of the mountains, where, 
being condensed and reconverted into water, and sometimes con- 
gealed, it is precipitated in the form of rain or snow. From these 
heights it descends by the common principle of gravitation, either 
along the surface of the declivities, or^through the fissures and 
interstices of the soil, finding its way to the lower levels ; and, fol- 
lowing these in their devious and winding course, it at length 
letums to the sea, with which it mingles, to be again evapo- 
rated and sent once more through the same series of physical 
changes. 

125. Bffbot of a single ridge.~When a tract of country, 
bounded on either side by the sea, is traversed by an elevated 
ridge or chain of mountains, the rain and snow deposited upon 
them descends in streams along their slopes at either side, forming 
at first rivulets, which, coalescing, swell into larger streams, and 
acquire the character of rivers. These, following the declivities 
and winding through the valleys, find their way on the one side 
or the other to the sea. In this case, the general direction of the 
rivers will be at right angles to the ridge which traverses the coun- 
try. The rapidity of their streams will be proportionate to the 
steepness of the declivity, and their length to the distances of 
the prevailing ridge from one or other coast. 

126. Bzample in the Sa«tem Oontineni* — ^An example 
of the play of this principle is presented in the great eastern 
continent, where, as has already been explained, the moun- 
tain-chains running from west to east are much nearer to the 
southern than to the northern coast. The rivers, therefore, which 
flow towards the south, are generally shorter and more rapid, 
while those which flow towai^ the ;M)rth, passing over exten- 
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sive tablelands and plains having little declivity, are compara- 
tively long and sluggish. 

127. Bzample in South America. — South America pre- 
sents a similar example. The chain of the Andes traversing the 
country north and south, and much nearer to the western than 
the eastern coast, gives a similar character to the rivers, those 
which flow to the west being short and rapid, and those which 
flow to the east being longer and slower. 

In the northern part of South America, the principal moun- 
tain chain, diverging into several distinct ridges of the Cordilleras, 
produces a complicated system of ravines and valleys, which divert 
the course of the waters in various directions, so that many of 
the rivers flow northwards and north-westwards into the Carib- 
bean Sea. 

128. Bflfeot of Parallel ridg^es.— When a tract of coun- 
try is traversed by two ridges in nearly parallel directions, their 
declivities, which look towards each other, form a valley of greater 
or less width. The rain precipitated upon these slopes, collecting 
in streams, descends from either side to the lowest point of the 
valley where they coalesce, and settling into a bed or channel, 
flow along the lowest level of the valley, forming a river whose 
course is parallel to the general direction of the bounding ridges, 
and which continues its course until it discharges its waters into 
the sea. 

In ascending a river, it is found, as may be expected, that the 
quantity of water which flows in it becomes less and less as the 
distance from its mouth increases. Since the total collection of 
water must be proportionate to the number and magnitude of the 
tributaries above the point of observation, the higher that point 
is, the less will the number of such tributaries be, and consequently 
the less the quantity of water in the main stream. 

129. Chief tributaries considerable rivers. — ^In the case 
of all the great rivers, the principal tributaries themselves are 
rivers of considerable magnitude and importance, and some 
which have been classed as tributaries might with greater pro- 
priety have been considered as the main stream. 

130. Bzample of Missouri. — ^Thus for example the Mississippi 
receives as tributaries, streams so important as the Red Eiver, the 
Arkansas, the Ohio, the Missouri, and the Illinois. IS'ow the 
Missouri is itself a river of much greater length, width, and 
depth than that which above their confluence has been denomi- 
nated the Upper Mississippi, and if, of two confluent streams, the 
greater be entitled to be regarded as the continuation of the 
main stream, the river which is now called the Missouri ought to 
be denominated the Up]^T Mississippi. 

158 



MISSOURI AND MISSISSIPPI. 

131. It must not be inferred from what has been here stated 
that the valley of every river is formed by slopes, having 
declivities obvious to the eye, or limited by chains of mountains 
of conspicuous elevation. Most commonly it is quite otherwise, 
the declivities of the valley being so gentle as to be almost 
imperceptible, and the summits of the ridges, which limit it, 
having no elevation which entitles them to the name of mountains. 

132. Portage. — Where the navigation of a river is impeded by 
waterfalls, rapids, shallows or other natural obstructions, the 
space over which goods, and sometimes canoes or boats have to be 
carried, to meet the navigable part of the stream again, is called 
ti portage, 

133. Bzamples of rivers of North America.— This division 
of the western continent being traversed by two ridges, the Rocky 
Mountains and the Alleghanies, whose general directions are nearly 
parallel, is divided into three zones, running north and south, the 
centre and broadest of which is included between the two ridges, 
the eastern zone sloping down from the Alleghanies to the Atlantic, 
and the western from the Rocky Mountains to the Pacific. 

134. Sa«tem rivers. — The disposition of the general relief 
of the continent, shown by a section of it, running east and west, 
determines three different directions for the rivers. Those which 
are formed of the drainage of the eastern slopes of the Alleghanies, 
flow eastward into the Atlantic, and the distance of the ridge of 
the Alleghanies from the Atlantic coast not being great, and the 
snrfjEUse of the intervening zone being nearly plane, the lengths of 
the rivers are inconsiderable, and their streams not rapid. 

135. l^estem rivers. — ^In the same manner the drainage of 
the western slope of the Rocky Mountains forms a series of rivers 
which flowing westward fall into the Paciflc. 

136. The Mississippi and its tributaries.— The great ex- 
tent of tiie valley included between the ridges of the Alleghanies 
and the Rocky Mountains, and its great capacity for cultivation, 
confer upon it an importance which is immensely augmented by 
the great length through which the rivers which traverse it, are 
navigable. 

137. The drainage of the western slopes of the Alleghanies, and 
that of the eastern slopes of the Rocky Mountains, form two 
systems of rivers, the one flowing from west to east, and the other 
from east to west, and meeting in a common bed in the centre of 
the valley. They thus form a main stream traversing the valley 
from north to south, the magnitude of which increases as it 
descends southwards, in proportion to the number and magnitude 
of the streams which flow into it from the one side or the other. 
This central stream is the Mississippi, which gives its name 
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to the entire valley, extending from the Gulf of Mexico, into 
which its waters fall, to the great northern lakes. 

138. Red lliver—Arkaiu»8— Ohio.— -New Orleans, which is 
the port of the Mississippi, is huilt at the confluence of the arms of 
its Delta, ahout one hundred miles above its mouth. Ascending the 
river from this point, we encounter successively its vast tributaries, 
the first of which is called the Red River, which flows into it from 
the slope of the Rocky Mountains upon its right bank. Proceeding 
upwards, the next is the Arkansas, on the same side, which itself 
receives at various points of its course subordinate affluents, among 
which the principal are the Canadian, the Red Fork, the Salt 
Fork, &c. A little higher, we come to the Ohio, flowing from 
the east, after having traversed a vast extent of the great valley, 
and receiving several large tributaries, such as the Cumberland, 
the Tennessee, the Wabash, &c. The Ohio carries the chief part of 
the commerce of the states of Tennessee, Kentucky, Virginia, 
Ohio, Indiana, Illinois, and the western part of Pennsylvania. It 
washes Pittsburgh, Cincinnati, and Louisville, while its tribu- 
taries reach the prinq^pal towns of the interior of the adjacent 
states. It is navigated by steam-boats of the largest class as 
high as Pittsburgh. 

139. 8t laouis. — Returning to the confluence of the Ohio and 
the Mississippi, and continuing to ascend the latter river, we 
arrive at St. Louis, a city of the first importance, and likely one 
day to become the great capital of the valley of the Mississippi 
and the western division of the States, with New Orleans for its 
port. Already we see ranged along its quays hundreds of steam- 
boats of immense tonnage, which ply iocessantly between it and 
New Orleans, carrying down the stream the produce of the 
interior, and up, innumerable articles of importation. 

140. Illinois. — ^Immediately above St. Louis we arrive at a 
point marked by the confluence of three streams, one flowing from 
the north-east, one from the north, and the other from the 
north-west, the last being the most considerable. The flrst is the 
Illinois river; the second, though less considerable than the third, 
is taken by geographers as the continuance of the main stream of 
the Mississippi ; and the third and greatest is the Missouri, regarded 
as a tribut£uy of Mississippi. 

The Illinois river ascends the state of that name in a north- 
easterly direction, and is navigable for a considerable distance to 
a point where it is connected by a canal with Lake Michigan 
at Chicago. By this means a continuous water-communication is 
established between New Orleans and the northern lakes, and by 
those lakes with the St. Lawrence. 
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141. Souree of MlwitaiiippL — ^Ascending the main stream fromv 
its point of confluence with the Missouri, after passing seyeral 
tributaries of less importance, we arrive at the falls of St. Anthony,, 
which constitute the limit of its navigable course. Above these- 
we And its source in a sheet of water, called Lake Istaca, situate 
near the northern limit of the territory of the United States,, 
and at a short distance west of Lake Superior. 

142. MiMOuri and its tributaries. — Returning to the con- 
. fluence of the Mississippi with the Missouri, and ascending the 

latter stream, we find innumerable tributaries, variously denomi- 
nated Smoky-hill-fork, Republican-fork, Platt-river, White- 
river, Yellow-stone-river, &c., until the stream, reduced to a 
number of diverging threads, loses itself in the flanks of the 
Rocky Mountains. 

Such is a brief and rapid view of this prodigious vein of inland 
navigation. As shown in our general plan of the rivers, the total . 
length of the Mississippi and its chief tributary is estimated at 
4500 miles. 

143. The Amazons. — ^Among the rivers of Southern America, 
which flow from the western dedivities of the chain of the Andes, 
by far the most important is the Amazons, which, considered' 
merely in its geographical character, ranks as the greatest of 
rivers. The total length from the mouth to the source of any one 
of its thousand tributaries, is less than the length of the 
Mississippi similarly measured, but numerous and large as the 
tributaries of the latter are, those of the Amazons are still 
greater in number, width, and depth. 

This immense stream, and its countless affluents, drain a 
vast plain lying between the tableland of Brazil, on the south,, 
and the chain of mountains rising from a similar tableland of 
less extent, on the north, called the tableland of Paramo. It 
receives tributaries accordingly from an extensive series of 
decUvities completely surrounding it, from those of Brazil on the 
south, from the Andes of Peru on the south-west, from the Andes 
of Quito on the north-west, and from those of the mountain- 
chains of Paramo on the north. 

The plain and surrounding declivities drained by this immense 
river system, is little less in extent than 3,000000 of square 
miles, being ten times the magnitude of the French empire. Its 
largest branch, considered as the commencement of the main 
stream, is called the Maranon, a name which is sometimes applied 
to the entire river. The main river and its tributaries are 
navigable at distances of nearly 2500 miles from its mouth, and 
its width, near its mouth, being nearly 100 miles, it resembles an 
arm of the sea more than a nvei. 
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144. The tributaries of this riyer are seyerally so considerable 
in magnitude and importance, that geographers are not agreed 
as to which of them should be regarded as the main stream, and 
the name Amazon is generally confined to the part of the riyer 
below the confluence of seyeral chief tributaries, which unite 
nearly at the point where the Bio Negro or Black Riyer joins the 
Amazons. A yiew of a good map of this part of Southern 
America, will giye the reader a more clear idea of the course of 
this riyer and its tributaries, than could any mere yerbal descrip- 
tion. The greater tributaries are aboye twenty in number, 
all of which are nayigable to a point near their sources, while 
the lesser ones are countless. 

Notwithstanding the geographical superiority of the Amazons, 
and its yast extent of nayigable water, it is inferior in commercial 
importance to the Mississippi ; the districts of country trayersed 
by the riyer and its branches consisting of tracts of natural 
forest, and xincleared and uninhabited ground. 

145. The Orinoco, another of tiie great riyers of the 
southern diyision of the new continent, drains a yalley in- 
cluded between the tableland of Paramo, the eastern chain of 
the Cordilleras, and the plateau of Caraccas. This riyer, 
haying its source near that of the Negro, flows first north, 
and then east, discharging its waters into the Atlantic, through 
a delta, at the borders of the Caribbean sea, opposite the island 
of Trinidad. 

146. The Rio de la Plata.— The third great riyer of South 
America is that which near its source is called the Parana, and 
near its mouth the Plata. It discharges its waters into the South 
Atlantic, at Buenos Ayres, after haying flowed down a yalley 
included between the Andes of Chili and the Brazilian mountains. 
The length of this riyer is estimated at 2700 miles, and for 200 
miles aboye its mouth it is nowhere less than 170 miles wide. 

147. The River System of Europe is as inferior to that of 
the new continent in geographical, as it is superior to it in com- 
mercial and social importance. With the exception of some of 
the lines of riyer-communication in the United States, the world 
can afford no parallel for the spectacle of commercial and 
social moyement presented by the European riyers. The gentle 
decliyities of the water-sheds from which they deriye their 
sources, and the general flatness of the plains oyer which they 
flow, are eminently fayourable to their commercial utility. 

In the western diyision of Europe, the chain of the Alps and the 
German mountains form the ridge, along the slopes of which, 
north and south, the waters flow towards tlie Atlantic on th^ one 
side, and the Mediterranean and Black Sea oi)k tibk^ ^Mlsvst, "^^^c^ 
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ea8t^m division there is no mountain-chain thiis to divide the 
dramage. A slight and imperceptihle elevation of the general 
plain produces two opposite water-sheds, commencing in a low 
range of hills separating the sources of the Dnieper from those 
of &e Yistula, and winding along the plain to the tableland of 
Yaldai, which forms its summit, 1200 feet above the level of the 
sea. The ridge then turns northward towards Lake Onega, and, 
following a winding course, terminates in the Ural Mountains, 
about 62'' N. lat. 

The drainage of the north side of this ridge forms the rivers, 
which flow into the Baltic and the White Sea, that of its southern 
declivity those which flow into the Black Sea and the Caspian. 

148. Cteneral Flan of the Rivem of the l^orld. — The prin- 
cipal rivers of the world, with their tributaries, their embouchures, 
and their sources, are exhibited in one general plan on the oppo- 
site page, where their lengths are indicated. 

CLIMATE. 

I 

149. Since the prevailing character of the animal and vegetable 
kingdoms, in each division of the earth's surface, depends chiefly 
on dimate, it is necessary, on that account alone, independent of 
many other considerations, that the student in geography should 
be rendered familiar with the' conditions, which in each part of 
the globe determine the varying vicissitudes and temperature of 
the seasons. 

150. Hependenoe of Olimate on lAtitude. — The flrst and 
chief condition which determines the climate of a country, is its 
position with respect to the equator. It may be stated, subject 
to some special qualifications, that the nearer any country is to 
the Line, or what is the same, the lower its latitude, the higher 
will be the mean temperature of its seasons. 

The reason of this is partly geographical and partly astro- 

nomioaL . 

«... <( 

The earth revolves diumally upon an axis, so directed that 
the equatorial parts are presented either exactly or nearly to 
the sun. They are presented exactly to that luminary at the 
epochs of the equinoxes, in March and September. From M^urch 
to June they are gradually more inclined from the sun towards 
the south, the northern hemisphere inclining towards that 
luminary, so as to receive its rays more directly, and in greater, 
quantity than the southern hemisphere. This inclination of 
tiie globe increases constantly from March to June, and then 
deereases from. June to September. The northern hemisphere' 
is thus more and more exposed to the light and waxnvtk ^1 ^^ 
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snn, from March to June; the days dunog that interval are, 
gradually longer and warmer. It is constantly less inclined 
from June to September; the days during that interral are 
gradually shorter and less warm. 

Hence it is, that in the northern hemisphere the longest days 
and highest temperature take place after June, the temperature 
alter March being more moderate. The interval between March 
and June constitutes, therefore, the spring, and the interval 
between June and September, when the accumulated effects 
of heat are greater, the summer. 

151. This varying position of the earth towards the sun will be 
rendered more easily intelligible by illustrative diagrams. 

Let N s in these four figures represent the axis of the earth, 
N being the north, and s the south pole. Let E a at right angles 
to N s be the equator, and let s' be the direction of the sun. 

152. Li fig. 8 is shown the position of the earth on the 2l9t of 
March, the day of the spring equinox. The equator E is then 
presented exactly in the direction of the sun, the light and heat 
of which are equally distributed between the two hemispheres. 



Fig. 8. 



Fig. 9. 




S' 




8' 



Fig. 10. 



21st Juue. 



Fig. 11. 




S' 




8' 



2l8t September. 



21st December. 



The boundary of the enlightened hemisphere passes through the 
poles N'and s, and divides into two equal parts all the parallels 
of latitude. As the earth revolves, therefore, upon its axis, each 
place upon its surface is during equal intervals exposed to and 
withdrawn from the sun's light. In other words, the days and 
n^hts^re equal in all paits of the earth, 
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153. As the earth tarns upon its axis n s, all the places upon 
i^he equator £ Q are brought successively to the point e, directly 
•under the sun. In other words, at all such places the sun is 
yertical daily at noon. 

154. At all other parts of the earth between e and n, or 

^between e and s, the sun is seen at noon obliquely, or what is the 

«ame, it is at a distance greater or less from the zenith. And 

the more distant the place is from the equator, the more distant 

will the sun be from the zenith at noon. 

155. But since the thermal influence of the sun depends in a 
great degree upon its proximity to the zenith at noon, it follows 
"that this influence will gradually decrease in going from £ to N, 
•or from £ to s. The temperature, therefore, of the climate at the 
'time of the equinox wHl gradually diminish as the latitude 
increases. 

But since any two places at equal distances &om the equator, 
north and south, would be presented towards the sun at noon with 
equal obliquities, it follows that so far as depends on this circum- 
stance, the thermal influence of the sun at places having equal 
latitudes north and south, will be the same at the time of the 
•equinoxes. 

156. The position of the earth with relation to the sun on the 
21st of June is shown in fig. 9. The equator £ in the interval 
between the 21st of March and the 21st of June, has gradually 
declined to the south. The north pole N has consequently been 
turned more and more towards the sun s', and the south pole S has 
been turned more and more from it. In this position, therefore, it 
is evident that the sun shines more fully on the northern, and less 
80 on the southern hemisphere. The point t, to which it is 
vertical at noon, is now, not as in the former case upon the 
equator, but at the distance of 23^° north of it. Places in the 
northern hemisphere above this point are shone upon by the sun 
At noon with much less obliquity than places having equal lati- 
tudes in the southern hemisphere. 

157. The circle which bounds the hemisphere of the earth 
•enlightened by the sun, divides all the parallels of latitude 
unequally, the larger part of those in the northern hemisphere 
•being enlightened, and the larger part of those in the southern 
hemisphere being dark. 

It follows, therefore, that at this time the days are longer than 
ihe nights in the northern, and the nights longer than the days in 
the southern hemisphere. 

158. Kow the temperature of the seasons, in any given place, 
•depends conjointly on the altitude to which the sun rises, and on 
ihe length of the day ; for the greater the altitude is, the more 
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directly will the solax rays fall upon the place ; and the longet 
the day is, the longer will he the interval during which the 
thermal influence of the sun is exerted, and the shorter will he 
the interval during which its presence will he withdrawn. 

159. For all these reasons, therefore, on the 21st of June, when 
the northern hemisphere is most inclined towards the sun, and 
the southern most inclined from it, the thermal influence of the sun 
will he greater in the northern, and less in the southern hemi- 
sphere, than at any time from the 21st of March to the 21st of June. 

During this interval the northern hemisphere is gradually 
more and more inclined towards the sun, and therefore the lengm 
of the day is continually increasing, as well as the altitude to 
which the sun rises at noon. These two circumstances comhine 
in gradually increasing the thermal influence of the sun from the 
21st of March to the 21st of June. 

The same circumstances will show that during the same interval, 
the thermal influence of the sun in the southern hemisphere is 
gradually diminished; the days heing there constantly shorter, 
and the altitude to which the sun rises at noon constantly less. 

After the 21st of June the northern hemisphere is gradually less 
and less inclined towards the sun, and the southern less and leds 
inclined from it, until at length on the 21st of Septemher, the doy 
of the autumnal equinox, the earth resumes the position, flg. 10, 
with relation to the sun which it had on the 21st of March, the 
equator E heing then, as hefore, directed exactly towards the sun. 

160. The two hemispheres therefore, as in March, heing equally 
exposed to the sun, receive from it the same thermal influence, 
and the parallels of latitude heing all hisected hy the cirde 
which hounds the enlightened hemisphere, the days and nights 
are equal at all parts of the earth. 

Since the altitude to which the sun rises, and the length of the 
days at equal intervals hefore and after the 21st of June, are 
the same, and therefore the thermal influence of the sun also the 
same, it might he inferred that the temperature of the weather 
would likewise he the same ; and if this inference were just, it 
would follow that the season from the 21st of March to the 21st of 
June, would he similar in all its thermal characters to the season 
from the 21st of June to the 21st of Septemher, except that the 
succession of temperatures would he developed in a contraiy 
order. Thus it would he expected that the temperature of the 
weather ten or twenty days after the 21st of June would he 
identical with its temperature ten or twenty days hefore the 21st 
■^of June. 

161. But it is notorious that the thermal phenomena are not at 
all in accordance with this *, the season from the 2 1st of March to the 
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21st of June, called the Spring, haying generally a much lower 
temperature than the season from the 21st of June to the 21st of 
Septemher, called the Summer. 

Let us see, then, whether we cannot render evident the cause 
of this. 

The temperature of the weather in a given place, depends not 
exclusively upon the thermal influence exercised hy the sun 
during each day. It must he rememhered that when the days are 
much longer than the nights, and the sun rises to a considerahle 
altitude, a greater quantity of heat is imparted to the atmosphere 
and to all ohjects upon tiie surface during the day, than is lost 
during the night, and, consequently, an increment of heat is 
given to all such ohjects every twenty-four hours. The conse- 
quence is, that the general effect of the sun's thermal influence 
during each successive twenty-four hours is to augment the 
temperature, and thus to increase hy accumulation the heat from 
day to day ; and this daily increase will ohviously continue until, 
hy tho shortening of the days and the decrease of the sun's 
altitude, the increment of heat during the day hecomes equal to 
its decrement during the night. The day on which that takes 
place will be the hottest day, because it will be that upon which 
the daily accumulation will cease. After this, the days being 
further shortened, and the sun's altitude further diminished, the 
increment of heat during the day will be less than its decrement 
during the night, and after each interval of twenty-four hours 
there will be on the whole a decrease of heat, and so the tempe- 
rature of the weather will be diminished. 

162. Kow, from a due consideration of these circumstances, it 
will be easy to see why the season of summer is warmer than the 
season of spring, although the sun's altitude and the length of 
the days are, on the whole, precisely the same both in one season 
and the other, only succeeding each other in a contrary order* 
Until the 21st of June the daily thermal influence of the sun con- 
tinually increases, for the reasons just explained, and it is greater 
on the 21st of June than on any other day before or after. But 
although this thermal influence decreases after the 21st of June it i^ 
still considerable, and from day to day adds something more or less 
to the heat already accumulated in the atmosphere, and conse- 
quently continues to augment the temperature ; and this increasei 
only ceases, when the thermal action of the sun during the day, 
begins to be counteracted and balanced by the loss of heat during 
the night. 

163. Hence it arises that a certain interval, from the 21st of 
June to the latter part of July, is generally the hottest part of 
the summer, being called the Dog-days, either because of the 
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prevalence of canine madness during that period, or because at an 
«arly epoch in astronomical history the Dog-star rose before the 
sun in the morning at that season, and thus harbingered the Gx)d 
of Day. It may even have happened that the Dog-star took its 
name originally, from the preyalence of canine madness at that 
season. 

164. The circumstances which explain the phenomena of summer 
in the northern hemisphere, will also explain those of winter during 
the same interval in the southern hemisphere, since the southern 
hemisphere at all times is inclined froni the sun, exactly as much 
as the northern hemisphere is inclined towards it, as will be 
apparent by reference to fig. 9. 

165. After the 2l6t of September (fig. 10), the day of the 
autumnal equinox, the equator is gradually inclined towards the 
north, and the northern hemisphere gradually inclined from the 
flun, and this inclination constantly increases until the 21st 
of December, when it is greatest, as shown in ^. 11. 

The solar rays, as will be apparent from the figure, then fall 
with greatest obliquity on the northern hemisphere, and with 
least obliquity on the southern. The parallels of latitude are un- 
equally divided, in both hemispheres, by the circle which bounds 
the enlightened part of the earth. In the northern hemisphere 
the greater portions of these parallels are dark, and the lesser 
portions enlightened, while the contrary takes place in the southern 
hemisphere. The days are, therefore, shorter than the nights in 
the northern, and longer in the southern hemisphere ; and the 
sun rises only to low altitudes in the former, but to considerable 
altitudes in the latter. In fine, all the circumstances show that, 
in this position of the earth, the summer commences in the 
southern, and the winter in the northern hemisphere. 

166. After the 21st of December, the inclination of the northern 
hemisphere from the sun gradually and constantly diminishes 
until the 21st of March, when the equator is once more presented 
directly to the sun, which affects both hemispheres alike. 

Since the 21st of December is the shortest day, and that upon 
which the sun rises to the least altitude, it is consequently that on 
which its thermal influence is least, and it might therefore be 
expected to be the coldest day, and consequently to be mid- 
winter. It is not(»ious, on the contrary, that the coldest weather 
is at a later period. This is explained upon the same principles 
exactly, as those which show why the 21st of June is not the 
hottest day. 

167. The decrement of heat which takes place in the atmosphere 
owing to the length of the night, the shortness of the day, and 
the low altitude of the sun on the 21st of December, is greater 
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-than the decrement on any succeeding day ; but still on theso 
succeeding days there is still a decrement of heat, though a less 
•one, and therefore on the whole the temperature must continue to 
fall, and it will so continue until by the increasing length of the 
•dayi and the decreasing length of the night, and the increasing 
altitude of the sun, the increment of heat during the day becomes 
•equal to its decrement during the night ; after that takes place, the 
Jesuit of the sun's influence during each twenty- four hours will be 
•on the whole an increase of heat, and the temperature of the 
weather will accordingly be augmented. 

Henoe it is that the winter season in the northern hemisphere is 
the^^interyal between the 21st of December and the spring equinox ; 
i;he same interval being the summer season in the southern 
hemisphere. 

The altitude to which the sun rises at noon constantly increases 
until the 21st of June, when it becomes as it were stationary, 
■and afterwards decreases. In the same manner the altitude at 
noon constantly decreases until the 21st of December, after which 
it increases, haying remained in like manner stationary for a 
•certain interval. These two epochs have therefore been called 
the solstices, one being denominated the summer, and the other 
ihe winter solstice, from a Latin word which signifies the standing 
or stationary position of the sun. 

168. When the northern hemisphere is most inclined towards 
"the sun, as shown in fig. 9, the sun is vertical at noon to all 
places at 23|*^ north of the equator. Before that day,. and after 
it, the sun's altitude at noon is less than 90**, and consequently it 
does not reach the zenith. It may be considered therefore 
^gradually to approach the zenith at such places until the 21st of 
June, and then gradually to recede from it. 

From this circumstance the parallel of latitude which passes 
iihrough such places has been called the tropic. 

Similar phenomena are produced at the corresponding parallel 
of south latitude, and these parallels are accordingly called 
^respectively, the northern and southern tropic, or the Tropic of 
Cancer and the Tropic of Capricorn, 

169. It will be evident, by considering the diagrams, fig. 9 and 
£g. 11, that the sun can never be vertical at noon to any part of 
the earth exoept to places which lie between the tropics, and at 
all such places it is vertical at noon twice in the year. 

170. These astronomical causes of the vicissitudes of the seasons 
may be farther illustrated by the diagram, fig. 12, which pre^ 
«ents a perspective view of the earth in twelve successive positions 
which it assumes in one revolution round the sun, the observer 
heing supposed to view it &om the north side of the plane of its 
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orbit. Ita motion in that case ia in a diraotion oontrary to that 
of the hands of a dock, or to that of a oommon soiew when tanked 
■0 as to oanse it to move inwards or forwards. 

"While the globe thus moves round the son, ita axis keeps ood- 
■tantly the some direction, so that in any one position it is 
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parallel to the direction w)iieh it had in any other position. On 
the 21st of June, as shown to the right of the diagram, die 
northern eztremitj of the axis, or the north pole, leans towards 
the Bun through as angle of 23^°. If we suppose a. parallel of 
latitude to be described at that distance from the pole, all plaosa 
within that parallel will receive the light of the ann, and the 
rotation of the globe on its axis will not throw any of these plaoea 
npon the dark side of the ear^h. It follows, therefore, tl^t on 
the 21st of June the sun does uot set at all to any place above 
that parallel, and there is oonseqaently twenty-four luinra day. ' 

£y referring to the position of the earth, on the extreme left 
of the figure, which it has on the 21st of December, it vrill be seen 
iliat then the north pole is inclined from the sun, jnst as mnoh aa 
it was inclined towards it on the 21st of June, and that the same 
places, bounded by the parallel of latitude 23^° from the pole, 
which on the 2lBt of Jane lay altogether on the enlightened dds 
of the globe, and enjoyed tweuty-four hours day, now lie U 
the dark side, and have twenty-four honrs night. As the son 
never sets to such places on the 21st of June, so it never riiM 
to tbem on the 21st of December. 

In the positions successively assamed by the earth, in July and 
Ai^ust, tile north pole is lesa aud less inclined towards the snn, 
and the part around it, which has no sunset, is limited by a len 
and less parallel of latitude. On the 2l8t of September, the equator 
being presented to tbe oon, then is no part around the pole 
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wMoh has contmiial day, all places being twelve hours exposed 
to the sun, and twelve hours removed from it. 

After the 2l8t of September, the north pole begins to incline 
ftom the sun, and in October, a small portion around it is entirely 
deprived of the sun's light. This portion, thus involved in con- 
tinual night, constantly increases in extent until the 21st of 
December, when it extends to the parallel of latitude already 
mentioned. After the 21st of December, the north pole is less 
and less inclined from the sun, so that the portion involved in 
continual night is less in January, and still less in February, 
and on the 21st of March, as on the 21st of September, there are 
twelve hours day and twelve hours night to all places. 

After the 21st of March, the north pole begins again to lean 
towards the sun, and a portion of the earth around it enjoys 
continual day, this portion increasing in extent during the 
months of April and May, and attaining its greatest magnitude 
on the 2l8t of June, when its extent, as already explained, is 
a circle 23^° Irom the pole. 

171. The parallel which is 23 J** irom the pole, is 66 J° from 
the equator, and consequently has the latitude north of 66^**. 

This parallel of latitude is called the Arctic or Polar Circle, 
and the polar region included by it is called the Frigid 
Zone. 

All the circumstances, which are here explained, respecting the 
north polar region, circumscribed by the arctic circle, will be 
equally applicable to the corresponding region, circumscribed by 
a circle 23^° from the south pole. Such a circle is called the 
.South Polar or Antarctic Circle, and the polar region circum- 
scribed by it is the Southern Frigid Zone. 

172. Although the diurnal and nocturnal phenomena of the two 
frigid zones, northern and southern, are precisely the same, they 
are not simultaneous, those which, are identical being produced 
at opposite epochs of the year, as will be rendered evident by 
examining attentively the several positions of the illuminated and 
dark hemispheres of the globe in the successive months, in 
fig. 12. 'Wlien the entire north polar circle is enlightened on 
the 21st of June, the entire south polar circle is dark. There is 
continual day in the one, and continual night in the other. On 
the contrary, when the entire north polar circle is dark on the 
21st of December, the entire south polar circle is enlightened. 
There is continual night in the one, and continual day in the 
other. 

The phenomena on the 2ist of June, therefore, in the northern 
frigid zone, are identical with those of the 21st of December in 
the southern frigid zone, and vice versd. 
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In the like manner^ there is just so much of the northern polar 
region enlightened, and of the southern polar region darkened, in 
July, as there is of the northern polar region darkened, and th& 
southern enlightened, in January. The diurnal and nocturnal 
yioissitudes, Lrefore, of the northern frigid zone in Jidy, axe 
identical with those of the southern frigid zone in January, and 
vice versd. 

If the reader will take the trouble of following the position of 
the earth from month to month, as shown in fig. 12, he will be 
able to satisfy himself, that at all intervals of six months the 
vicissitudes of light and darkness are in the same way reci- 
procated between the two frigid zones. 

It might be inferred, that the continual presence of the sun 
above the horizon, would necessarily produce a great calorific 
effect; and at least during that portion of the year, during 
which they are respectively inclined towards the sun, the polar 
circles would enjoy intense heat. That such, however, is not 
the case is easily explained. The heat imparted by the sun 
to any part of ^e earth exposed to its influence, depends, as 
already stated, on two conditions: first, the altitude to which 
it rises, and secondly, its continuance above the horizon, or the 
length of the day. But the former condition has a vastly 
greater influence upon the thermal effects than the latter. 
Although, therefore, the continuance of the sun above the 
horizon, at the polar circles, is favourable to the development 
of heat, yet the very low altitude to which it rises counter- 
acts this effect; so that within the polar circles, even with 
the influence produced by the continuous presence of the sim, 
the general temperature is invariably below that at which 
water jfreezes. 

It is from this continuance of a temperature so low that the 
frigid zone has taken its name. 

173. Torrid Zone. — ^The part of the earth included between 
the tropical circles, which comprises all places having a latitude 
less than 23^°, is called the Torrid Zone. 

Although the exposure of these regions to the heat of the son 
varies within certain limits between December and June, being most 
completely presented to that luminary in March and September, 
they, neveritheless, receive the solar influence in a much more 
powerful degree, than the parts of the globe having higher lati- 
tudes in the one hemisphere and the other. 

It is demonstrated in physics, that the heating power of the 

sun's rays falling upon any object increases in proportion as they 

approach to the perpendicidar direction upon it. At the time of 

the equinoxes, therefore, tlaie noon-day sun upon the Line, projeot- 
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ing its rays perpendicularly downwards, produces the greatest 
possible calorific effect. 

At these times, also, the sun, rising precisely in the east,, 
ascends the heavens at right angles to the horizon, until at noon it 
reaches the zenith ; after which it descends perpendicularly in like 
manner, and sets precisely in the west. 

174. Sun vertical twice a year in the Torrid Zone. — 
Every point of the torrid zone is presented, at one period or 
another of the year, directly to the sun, so that there are two 
days in the year upon which the sun at noon is vertical at such 
places, and its extreme departure from the zenith at noon is- 
always very limited. Thus to places on the Line, the sun at noon 
never departs from the zenith more than 23|°, and even at the 
limits of the torrid zone, that is, at the latitude 23^*" north or 
south, the sun which on the 21st of June is vertical at noon in 
the northern, and on the 21st December in the southern hemi- 
sphere, is not more than 47° from the zenith at noon on the 21st of 
December in the northern, and on the 21st of June in the southern 
hemisphere ; for all places within the tropics the extreme distance 
of the sun from the zenith at noon must always be less tiian 47^. 

Indeed it may be stated generally, that for places between the 
tropics, the greatest distance of the sun at noon from the zenith 
will be found by adding 231** to the latitude of the place, and 
that twice in the year it passes through the zenith at noon. 

When it is considered that the temperature of the weather 
mainly depends on the distance of the sun from the zenith at noon,, 
increasing as that distance decreases, it will be easily understood 
why the climate of the torrid zone is characterised by that ex- 
tremely elevated temperature from which it takes its name ; for 
although the sun at noon, during a certain part of the year, is at 
a distance more or less considerable from the zenith, the intervall 
during which it has this distance is comparatively short, and that 
during which it is in or near the zenith much more considerable. 

The hottest seasons occur, not as might be first supposed, upon 
the Line, but at and within a limited number of degrees of the 
tropics; because at such latitudes the sun at midsummer con- 
tinues to cross the meridian very near to the zenith for a much 
more considerable time than on the Line at the epochs of the 
equinoxes, where its change of declination is much more rapid. 

175. Temperate Zone. — The parts of the globe included 
between the limits of the torrid and frigid zones, — that is between 
the latitudes 23|° and 66§°, — is exempt from the extremes of 
temperature which characterise the one and the other of these 
regions. Within its limits the sun never ascends to the zenith, 
nor on the other hand are the phenomena of continuou.^ da.^ ^^ 
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contiiinous night ever witnessed. The warmth of summer is 
produced by long days, combined with moderate meridian 
altitudes, and the rigour of winter is mitigated by the presence of 
the sun above the horizon for a considerable interval, even on the 
shortest days. 

It must not be understood, that within the limits of what is 
thus called the temperate zone, the climates are uniformly the 
same. On the contrary, in approaching those limits, at wbioh it 
is united with the torrid and the frigid zones, the character of 
the climates approach gradually to those peculiar to the one extreme 
zone and the other, so that the climates of the higher latitudes of 
the temperate zone differs but little firom those of the lower 
latitudes of the frigid zone, while those of the lower latitudes of 
the temperate zone, approximate gradually and insensibly to 
those of the higher latitudes of the torrid zone. In fact, within 
the limits of the temperate zone are included a much greater 
variety of climates than any which characterise either of the 
extreme zones. 
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176. Climate dependent on elevation. Snow Jdae, — It has 

been explained in our Tract on Terrestrial Heat, that as we 
ascend into the atmosphere from the level of the seai the mean 
temperature gradually decreases, and beyond a certain elevation 
it faQs even below the freezing point of water ; above this limit, 
therefore water cannot exist in the liquid state, and must assume 
the state of snow or ice. Such an elevation is accordingly 
designated the limit of perpetual snow, and it is marked on all 
lofty mountains by the limits of their snow-covered sides. This 
boundary is accordingly called the Snow Line, 

It may be stated as a general fact, subject nevertheless to 
some local qualification, that the elevation of the snow-line is 
greatest at those parts of the earth, where the climate at the level 
of the sea is hottest, and that its elevation decreases with the 
decrease of the mean temperature of the same level. The snow- 
line, therefore, has the greatest elevation within the tropics, and 
decreases gradually with the increase of latitude, until at the 
polar circles it falls to the surface. 

Since climate therefore varies, not only with the latitude but 
with the elevation of the place above the level of the sea, it 
follows that in mountainous regions a variety of climates will 
prevail, depending on the elevation of the summits. If that 
elevation exceed the limits of the snow-line, all varieties of 
climate between that which characterises the sea level, or 
which is natural to the plateaux on which the mountains stand, 
and the climate of the poles are found, and consequently a 
corresponding variety of natural productions, vegetable and 
animal, and corresponding susceptibilities of culture prevail. 
This is a circumstance which gives much interest to mountainous 
countries, and often confers upon them great commercial and 
social advantages. 

It is evident, also, that the higher the mean temperature of 
the plateaux is upon which snow-capped mountain ranges stand, 
the greater will be the varieties of climates exhibited between 
their summits and their bases, and the greater consequently will 
be also the variety of natural productions and artificial cidture. 
Hence arises the magnificent display of vegetation exhibited in 
those ranges of the Andes and Cordilleras, and other lofty ridges 
which intersect the torrid zone. 

177. Vegetation of the Himalayas. — Although the chain of 
the Himalayas far exceeds in elevation the Andes and Cordilleras 
of South America, they are thus, from their geographical position, 
being situate far beyond the limits of the torrid zone, excluded 
from the advantages here noticed, and they present none of 
that inexhaustible variety of phenomena by which the ridges 
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which rise to such vast altitudes from the plateaux of the 
torrid zone are characterised. Beautiful as are the yalleys of 
Kumaoon and Nepaul, they are not signalised hy the presence of a 
single palm-tree. On the southern slope of the Faropamisan 
range, which extends oyer 350 miles of Persia and Afghanistan, 
and separates the deserts of Yezd and Turkestan, Nature nowhere 
displays that profusion of arborescent grasses, tree-ferns, heli- 
conias, and orchideee which are witnessed on the higher plateaux 
of the tropical mountains. On the slopes of the Himalayas, under 
the shade of the deodar and the large-leaved oak peculiar to 
these Indian alps, the rocks of granite and mica-schist are clothed 
with forms closely resembling those which characterise Europe 
and northern Asia. The species indeed are not identical, but 
they are similar in their aspect and physiognomy, including 
j unipers, Alpine birches, gentians, parnassias, and prickly species 
of ribes. The chain of the Himalayas is also wanting in those 
imposing volcanic phenomena, which in the Andes and the 
Indian Archipelago often recall to the inhabitants, in characters 
of terror, the existence of forces developed within the globe. 
Moreover, on the southern declivity of the Himalayas, where the 
vapour-loaded atmosphere of Hindostan deposits its moisture, the 
region of perpetual snow descends to a zone the elevation of 
which does not exceed 13000 feet. Thus the region of organic 
life ceases at a limit 3000 feet lower, than that to which it extends 
in the equinoctial portion of the Cordilleras. 

178. Ves^etation of the Andes. — The mountainous regions of 
the Tropics present a further advantage in being that part of the 
globe, as already mentioned, where the greatest possible variety 
of impressions are produced by the contemplation of nature. In 
the Andes of Cimdiuamarca, Q^uito, and Peru, furrowed by deep 
barrancas, it is given to man to behold at once all the plants of 
the earth, and all the stars of the firmament. There, at a single 
glance, the beholder sees lofty feathered palms, humid forests of 
bamboos, and all the beautiful family of musaceee, and, above 
these tropic forms, oaks, meddlars, wild roses, and umbelliferous 
plants, as in our European homes. There, too, both the celestial 
hemispheres are open to his view, and when night arrives, he 
sees displayed together the constellation of the Southern Cross, the 
Magellanic clouds, and tlie guiding stars of the Bear, which 
circle round the Arctic Pole. There the different climates of the 
earth, and the vegetable forms of which they determine the 
succession, are placed one over the other, stage above stage, and 
the laws of the decrement of heat^ are indelibly written, on the 
rocky walls and rapid slopes of the Cordilleras, in characters easily 
legible to the intelligent observer. 

n 1 \1^ 
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Not only is the torrid zone by the abundance and luxuriance 
of its organic forms most rich in powerful impressions, but it pre- 
sents another and greater advantage, in the uniform regularity 
which characterises the succession of its meteorological and organic 
changes. The well marked lines of elevation which separate the 
different forms of vegetable life, demonstrate in a striking manner 
the same play of general and invariable laws, which govern the 
celestial motions reflected in terrestrial phenomena^ Thus, in the 
burning plains which stretch nearly on the level of the sea in these 
regions, we behold in profusion the families of bananas, of cyca- 
dacesB, and of palms, of which the number of species included in the 
Floras * of the tropical regions, has been so wonderfully augmented 
by modern botanic travellers. To these succeed, on the slopes of 
the Cordilleras, in the mountain valleys, and in humid and shaded 
clefts of the rocks, tree-ferns raising their thick cylindrical stems, 
and expanding their delicate foliage, whose lace -like indentations 
are seen projected against the deep azure of the firmament. 
There, too, flourishes the cinchona, whose fever-healing bark is 
deemed the more salutary, the oftener the trees are bathed and 
refreshed by the light mists, which form the upper surface of the 
lowest stratum of clouds. 

Immediately above the region of the forests the ground is 
covered with white bands of flowering social plants, small aralias, 
thibaudias, and myrtle-leaved andromedas. The alp-rose of the 
Andes, the magnificent befaria, forms a purple girdle round the 
spiry peaks. On reaching the cold and stormy regions of the 
Paramos, shrubs and herbaceous plants, bearing large and richly- 
coloured blossoms, gradually disappear, and are succeeded by a 
uniform mantle of monocotyledonous plants. This is the grassy 
zone, where vast savannahs clothe the high tablelands and the 
wide slopes of the Cordilleras, whence they reflect a yellow hue, — 
savannahs, on which graze llamas and cattle descended from those 
formerly brought from the Old World. Trachytic rooks next 
appear forcing the turf and rising high into those strata of the 
atmosphere containing a less proportion of carbonic acid, and 
supporting only plants of inferior organisation, such as the lichens, 
the lecideas, and the many-coloured dust of the lepreria, which 
forms small round patches on the surface of the stone. 

Scattered patches of fresh fallen sndw arrest the last feeble 
traces of vegetation, and are succeeded by the region of perpetual 
snow, of which the lower limit is distinctly marked, and undergoes 
but little change. 

* The collection of vegetable productions nataral to a country is called 
itajtoi-ay and that of the animals indigenous to it its favma, 
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The elastic subterranean forces strive, for the most part in 
vain, to break through the snow-clad domes which crown the 
ridges of the Cordilleras, but even where these forces have 
actually opened a permanent ohanne} of communication with 
the outer air, either through crevices or circular craters, they 
rarely send forth currents of lava, erupting more frequently 
ignited scoriae, jets of carbonic acid gas, sulphuretted hydrogen, 
and steam.* 

179. AnlmalH of the tropios. — ^A corresponding variety is found 
-in the animal kingdom in these regions at the level of the sea ; 
upon the plains which extend over the tropical regions are found 
the varieties of monkeys, crocodiles, the boa-constrictor, rattle- 
snake, jaguars, and macaws. Higher up, at a level rising from 
5000 to 10000 feet, at the base of the Andes, are found the ocelot, 
the strutheo rea, and the duck. Higher still, the ape, the puma, 
and the llama, and, in fine, about the snow-line, hawks, vultures, 
bears, and the condor, which rises upon its vast wings above the 
lofty summits of Chimborazo and Aconcagua. 

180. The Himalayas are characterised, also, by animals dwell- 
ing in a succession of stages one above the other. Thus, upon 
the plains are found the tiger, the peacock, and the Bactrian 
camel. Higher up the bat, the Cashmere goat, and the pheasant, 
and just below the snow-line, the sheep, the yak, the pigeon, the 
robin, &c. 

181. The local character of a climate depends on the mean 
temperature of the atmosphere and of the surface of the earth. 
And this temperature itself must depend chiefly on the heat 
imparted to the atmosphere and the earth by the sun. The solar 
rays, in passing through the atmosphere to the earth, impart 
to that very attenuated and transparent fluid an inconsiderable 
quantity of heat, their chief thermal power being exerted on the 
surface of the earth, which forms the base of the atmospheric 
ocean. The earth, like all bodies, absorbs a certain proportion of 
the heat thus transmitted to it, and what it fails to absorb it 
reflects exactly as a surface would reflect light. The heat which 
it reflects, not entering it, does not affedt its temperature, and it is 
warmed exclusively by the portion it absorbs. This portion is so 
considerable, that if it were uniformly diffused over the entire 
surface of the earth, it would be sufficient to dissolve annually a 
shell of ice 100 feet thick covering the entire globe. 

182. Heat received ftrom celestial spaces. — ^But besides the 
heat received from the sun, the earth also receives a considerable 
portion of heat from the surrounding firmament, in other words, 

* Humboldt's Cosmos. Introdnction. 
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from tlie coTintlesA myriads of snns composing the stellar nniverse 
whicli are seen nightly sparkling in the heavens ; and this latter 
source of heat differs from that of the sun, inasmuch as all parts 
of the earth are constantly exposed to it night and day, whereas 
they are only exposed to the direct influence of the sun during 
average intervals of twelve hours. 

It has resulted frx)m the experiments and observations of 
M. Pouillet, that the quantity of heat thus received by the earth 
from the celestial spaces is such, that if it were uniformly diffused 
over the surface it would be sufficient to melt a shell of ioe, 
enveloping the earth, 85 feet thick.* 

183. IKThy temperature of the earth la not indefinitely 
increased. — It may be asked, therefore, how it happens that if 
the earth receive and absorb an annual quantity of heat so 
enormous, its temperature is not raised to such a point as to be 
incompatible with the continued existence of the organised world 
upon it. It might be expected that the heat absorbed in the 
torrid zone, being transmitted by the process of conduction 
through the solid matter composing the earth to the colder regions 
of the poles, would £rst dissolve all the ice there collected, and 
then gradually raise the temperature of the polar regions, to 
which the animal world would first take refuge flying from the 
scorching region of the tropics, and which would become at the 
same time the theatre of the present flora of the temperate and 
tropical zones, and later would be raised to a temperature 
destructive of all organisation. 

Such a catastrophe is prevented, and the thermal condition of the 
globe maintained within the necessary limits, by a remarkable pro- 
perty with which matter has been endowed by its Maker, in virtue 
of which all bodies possess the quality of thermal radiation, in the 
exact proportion in which they are endowed with that of thermal 
absorption. The heat, therefore, which every part of the surface 
of the earth absorbs from the solar rays, it throws back by the 
process of superficial radiation, and if the atmosphere were every- 
where cloudless, the heat thus radiated back would pass into llie 
celestial spaces, and the atmosphere would then, in spite of the 
solar rays passing through it, remain at a very low temperature. 

184. Effect of clouds. — ^The existence of douds, however, 
modifies this. The heat radiated from the surface of the earth is 
in a great degree intercepted, and prevented from escaping into the 
celestial regions, by the clouds, which reflect and radiate it back 
again to the earth through the lower strata of the atmosphere; 
and thus these thermal rays, being reverberated between the 

* See Tnict on Terrestrial Heat, Moseam, vol. 3, p. 65. 
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clouds and tlie surface, warm the lower strata of the atmosphere 
through which they are so frequently transmitted. 

185. Bfibct of contact of air and earth. — But the atmosphere 
also receives heat from the earth, by the contact of its lowest strata 
with those parts of the terrestrial surface, which have a higher 
temperature. When these lowest strata are thus warmed by 
contact, they ascend as heated air does in a chimney, air having a 
lower temperature flowing in to take their place. 

It is by these several means therefore, much more than by the 
direct influence of the sun, that the temperature of the atmosphere 
is maintained and regulated. 

186. Thermal effbots of an unifbrm surfkoe. — If the whole 
surface of the earth consisted of one homogeneous material, 
whether solid or fluid, and were in one uniform condition, its 
powers of reflection and absorption, and consequently its power 
of radiation, would be everywhere the same. In that case 
the thermal influence of the sun, governed by no other con- 
ditions than those of its altitude and continuance above the 
horizon, would necessarily be the same at all points of the same 
parallel of latitude, since, at all such points, the sun's altitude 
and the length of the day are necessarily the same. The equator 
and each parallel of latitude would then be isothermal lines, a 
word which expresses a line upon the surface of the earth, all 
points of which have the same mean temperature. Not only 
would the mean temperatures of all points on the same parallel be 
the same, but the extreme temperatures of summer and winter 
would likewise be the same. In other words, all places having 
the same latitude would, under the conditions supposed, have 
identically the same climate. They would have the same average 
annual temperature, and would be subject to the same vicissitudes 
of seasons. 

In comparing parallel with parallel, the average annual tem- 
perature, as well as the extremes of the seasons, would regularly 
increase with the latitude. 

187. IKThy this regularity does not prevail — But the con- 
ditions which wduld produce such climatic phenomena do not exi«t 
on the terrestrial surface. Instead of consisting of one uniform 
material, that surface is diversifled, — ^first, by land and water; 
and secondly, the land itself is still more diversifled in its 
character, according as it is more or less clothed with vegetation, 
and even where it is destitute of vegetation, it varies according 
to the quality of the rocks or other strata which compose its 
uncovered surface. The reflecting, absorbing, and therefore 
radiating powers of the land, are infinitely diversifled. In general 
the foliage of vegetation is a powerful radiator, while the naked 
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■oil, or toAB, are comparstiTely feeble radiators end » 
reilectors. The w&ter of the Mwn, hIui^ oorers thiee-qoarten 
of the terreBtrial surface, is mndi iwue uiufiwm in its thermal 
properties tbim the land. But even tJiose piopertieB of the ooean 
■re modified by the eongelatitm whiob takes plaoe on so Tart a 
toale in me Mgii aone. 

All these cireumatanees oombined, and manj others whidi can 
onlj be folly understood by a more profound sindy of physical 
geography, rendu' the aotual olimatio phenomena extremely dif- 
ferent &om those which wonld depend on the latitude alone, and 
which wonld be developed on a globe the superfioial materials of 
whioh would be nniform. 

The departure of tiie lines of equal, mean, and extreme tem- 
peratures from the pnralleU of latitude, hoi been akeady ex- 
plained in OUT Tract upon Terreatriol Heat, and it will not, 
therefore, be neoessary to insist further upon tliem here. 
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188. Map«» and Globes in Relie£ — ^Elementary instraciion in 
geography has been hitherto for the most part limited to the 
description of the outlines of land and water. The varieties 
of form depending on relief have been comparatively neglected. 
This has arisen most probably from the difBculty of presenting to 
the student visible representations of such forms. Maps and 
globes, showing in moulded relief the inequalities of the land, 
have indeed been constructed, and with suitable explanations may 
be found useful to the teacher and the pupil. Independently, 
however, of their cost, which is necessarily considerable, they are 
subject to grave objection, owing to the enormous violation of 
proportion between the vertical and the horizontal dimensions, 
which they must necessarily exhibit. It has been explained else- 
where, that the elevation of the most lofty mountain-summits does 
not exceed the 1600th part of the Earth's diameter, and conse- 
quently such a summit, if formed in relief in its just proportion 
on a 16-inch globe, would be represented by a protuberance not 
exceeding the hundredth part of an inch. All maps and globes, 
therefore, presenting the inequalities of the land in moulded 
relief, must, in order to render them perceptible at all, give the 
vertical magnitude exorbitantly disproportionate to the horizontal 
dimensions. When such illustrations are used for the purpose of 
elementary instruction, the teacher should be careful to impress 
upon the mind of the pupil this inevitable departure from the 
natui-al proportions. 

189. JohnBton'B Fhirsioal Maps. — The expedient adopted in 
the physical maps of Mr. A. K, Johnston renders them exempt from 
this objection, although the same vivid illustration of the super- 
ficial inequalities is not presented by them. In these the plains, 
valleys, and lowlands are coloured green, the elevated plateaux 
and table-lands brown ; and the mountain-ridges and peaks are 
distinguished by obvious marks indicative of their relative alti- 
tudes, the actual heights being marked in numbers of English 
feet. The sea is also everywhere distinguished from the land by 
its blue colour. As a physical illustration, these maps are there- 
fore, as I conceive, as perfect as the nature of the subject of 
instruction allows. 

190. Monn ta in-ranges not imifbnn. — ^Although each of the 
great oontinenta. systems, which have been already described, is 
characterised by a certain prevailing direction, it must not be sup- 
posed that it follows one uniform and unbroken course, or even 
that it consists of a single uninterrupted series. They are, on 
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the contrary, liable to frequent changes of direction, are in many 
places discontinuous, and are subject to still greater irregularity 
in both height and width. 

191. Spnrs. — ^Each main ridge also throws out lateral ramifica- 
tions at various angles with its general direction, called spurs. 
Those are often themselves considerable chains of mountains, 
throwing off secondary spurs parallel to the primary chain, or nearly 
so. These subordinate ranges, intersecting each other at various 
angles, and broken by valleys and ravines, form a reticulation, 
which usually covers a vast extent of country stretching out at 
either side from the base of the principal chain. They decrease 
gradually in their dimensions, both horizontal and vertical, with 
their distance from the parent chain. Every one who has visited 
the country on either side of the ranges of the Alps, the Pyrenees, 
or Mount Atlas, will be familiar with these features. 

192. Relief of the fiarth's surfkoe. — Considering the Earth as 
a globe formed of solid matter, subject to superficial inequalities, 
and partially covered with water, the land must be regarded 
merely as the more elevated parts rising out of the waters, which, 
according to the common law of gravitation, are lodged upon the 
lowest levels. The level parts of the land must be considered as 
plateaux, table-lands, or terraces formed upon vast mountains, 
the bases of which are at the bottom of the Ocean. 

The mountains, in like manner, which rise from the surface of the 
land, must be considered as only the highest peaks of those whose 
bases are established upon the bottom of the deep, and the plains 
around them, upon which they rest, as merely terraces or 
plateaux forming steps, as it were, in ascending their acclivities. 

In accordance with these views, it is found that systems of 
mountains, whether they form continued chains, detached groups, 
or isolated peaks, seldom have their bases upon a low level. On 
the contrary, the plains upon which they stand are almost 
always plateaux or tablelands at a considerable altitude above 
the level of the sea. The heights of mountain-summits being 
always expressed with relation to tiie level of the sea, it must 
therefore be remembered, that in estimating heights above the 
general level of the plains on which the mountains stand, it is 
necessary to deduct the heights of such plains from the tabulated 
heights of the mountains. 

That this correction is of importanoe, will be comprehended 
when it is remembered, that the heights of the tablelands upon 
which the great chains of mountains stand, above the level of the 
sea, varies from 2000 to 12000 feet. Thus, for example, the 
tabulated altitude of Eunchinjunga, the highest peak of the 
Himalayas, and indeed the moat bfty point hitherto discovered 
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on tbe globe, is 28178 feet ; but tbe tableland of Tbibet, on wbicb 
it stands, bas an altitude of about 11000 feet, so tbattbe height of 
tbe peak above tbe level of tbe surrounding plain is only 
17000 feet. 

In like manner, tbe beigbt of Mont Blano is 15739 feet, but 
tbe beigbt of tbe Lake of Geneva being 1450 feet, and tbe base 
of Mont Blanc being several hundred feet more, it follows that 
tbe summit of Mont Blanc cannot be much more than 13000 feet 
above tbe level of its base. 

From the two examples here given, it will be apparent how 
little relation tbe tabulated heights of mountains sometimes have, 
to tbe appearance which they would present to an observer. The 
highest peak of the Himalayas, measured from the level of the 
sea, is nearly double that of Mont Blano, and is sometimes there- 
fore described as being a mountain, such as would be produced 
by piling two like Mont Blano one upon tbe other. Such an 
illustration, nevertheless, is mft)st inappropriate, as appears from 
what has been just stated, since an observer of Kuncbinjunga 
must necessarily view it £rom a station about 11000 feet above 
the level of the sea, while an observer of Mont Blano can view it 
from a station less than 2000 feet above that level. Mont Blano 
would, therefore, under these circumstances, have nearly as great 
an apparent height as Ennohinjunga. 

193. fifi^ct of the contemplation of mountain Bcenery.— 
The more tbe imagination and understanding are impressed with 
the lofty and massive mountain ranges — as evidences of great ter- 
restrial revolutions which tbe globe bas undergone at distant epochs 
of its history — as the limits of varying climates— as tbe lines of 
separation forming tbe watersheds of opposite regions — and in 
fine, as the theatres of peculiar vegetation — ^the more necessary is 
it to obtain a correct numerical estimate of their actual volume, 
so as to demonstrate tbe comparative minuteness of their mass 
beside that of the extensive platforms on which they stand. 

194. The Pyrenees. — ^Take, for example, the ohain of the 
Pyrenees, tbe area of whose base and whose mean elevation have 
been determined with great precision. Let us suppose that this 
entire mountain mass were spread equally over tbe whole surface 
of France, and let it be required to determine what would be the 
thickness of tbe stratum which it would then form. Nothing can 
be more simple than such an arithmetical problem, and tbe result 
of its solution is, that the whole surface of France would be raised 
only 11& feet. 

195. The Alps. — In like manner, if the ohain of the Alps were 
levelled, and tbe material composing it uniformly spread over the 
whole surface of Europe, it would form a stratum only 21-^f&e^tt\2Ask« 
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196. Average hel^t ofooctliiGiits. — Baron Humboldt, by an 
elaborate ottlculatioii, obtained a pretty ezaot estimate of the 
QTerage height of the iiirfaee of the land, composing the principal 
divisions of the world above the level of the sea. He fonnd 
that the avenge height of the land in Europe is 670 feet. In 
North Amerioa, 746 feot In Asia, 1132 feet; and in South 
Amerioo, 1151 feet. 

These resultA demonstrate that the land in the sonthem r^ons 
ia more elevated than in the oorthem. In Asia the low elevation 
of the eztendve plains or steppes of BLberia, is oompensated by 
the moQntain masses between the parallels of 2B^° and 40° lat,, 
extending from the Himalaya to the Kuenlnn of Northern Thitwt, 
and to the Tianscbian or Celeetia] Mountains. Some idea may be 
formed from these ealoulations in what parts of the globe the 
action of subterranean *pla tonic forces, as manifested in the 
upheaval of continental masses, has been most intense. 

19T. Wew moiuitaiii raiigea pouible. — " There is no snf- 
ficieot reason," observes Humboldt, " why wa should assume lliit 
the Bubterronean forces may not, in ages to eome, add new systemi 
of mountains to those whioh already exist, and of which Eliede 
Beaumont has studied the directions and relative epoohs. Why 
shoold we suppose the crust of the earth to be no longer subjeot to 
the agency, which has formed the ridges now perceived on lb 
surface P Since Mont Blanc, and Honte Rosa, Sorata, T'l '■"'"' i 
and ChimboTHzo, the colossal snmmits of the Alps and the Ande* 
are considered to be amongst the most recent elevations, wB ue 
by DO means at liberty t« assume that the npheaving foroaa have 
been subject to progressive diminution. On the oontraiy, all 
geological phenomena indicate alternate periods of aotivilj anl 
repose ; the quiet which wB now enjoy ii only apparent ; the 
"* ;a vhidL itill ahiike fha nii&ua ta amy latitude, uid in 
|itiwMlen, and 
a giving u 
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which it ooTers la quite analogoiu to that whioh rises above its 
Burfaoe, being similarly Taried by hill aad valley, moimtoin and 
plain. Tbe greatest depth of Uie oceaji is still imdiscovered. 
The plumb'liDe, in one part of the Pacifio Ocean, was let down to 
the depth of 27600 feet by Sir James Boee witbout finding bottom. 
It has been geaeratly assumed, as naost probable, that the greateEt 
depth of the ocean does not differ much from the greatest elevation 
of the land above its surface, which being in rauad nombeis five 




miles, would show that the extreme difference of level of the solid 
surfaoe of the globe does not exceed ten miles, or about the 800th 
part of its diameter. 

199, Vae* ot tbe ooean. — The vast collection of water forming 
the ocean ministers in an infinite variety of ways \a the main- 
tenance of the organised world, and in none more so than in its 
property of evaporation. It may be oonaidered in a certain sense 
as a vast apparatus of distillation, by whioh fresh water is 
SKpplied in regulated quantity and suitable quality t» all parts of 
ttie land, and in these paenomfana the mountains play a oon- 
■pionous part. 

200. General iTateiu at eraporatloa and oonderuation. — It 
is demonatrated in physics that when an aqueous solution is 
exposed to the abnospheie, the pure water which forms the chief 
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part of it will be converted into yapour at the surface in contact 
with the air ; and the rate of such evaporation, other things being 
the same, will be proportionate to the extent of the surface, the 
temperature of the air in contact with it, and the superficial 
temperature of the solution. 

The water of the ocean is a solution of certain salts and alkaline 
substances. The evaporation which takes place from its surface 
affects only the pure water, leaving the saline and other similar 
constituents still dissolved in it. The pure aqueous vapour thus 
taken into the atmosphere, rising to the more elevated strata, is 
transported by atmospheric currents, and attracted by the mountain 
summits and other elevated parts of the land, upon which it is 
precipitated in the form of rain or snow, from which streams flow 
down the declivities, discharging the functions of irrigation, and 
thus contributing to the maintenance of animal and vegetable life 
upon the land. 

201. Olimatio efi^ts. — Independently of the obvious advan- 
tages which the ocean affords, as supplying the means of intercom- 
munication by commerce between distant parts of the earth, it 
also serves an infinite variety of purposes in the climatic economy 
of the globe. It has been already shown that from the uniformity 
of its physical qualities, it has a tendency to equalise and regularise 
climate, so as to bring the isothermal lines into closer proximity 
with the parallels of latitude. 

202. Ocean currents. — Its liquid properties, however, com- 
bined with the effects of temperature, render it further sub- 
servient to the general equalisation of the temperatures of the 
extreme zones, moderating the heat of the torrid and the cold of 
the frigid. This is accomplished by the great ocean currents, 
the existence, directions, and limits of which have been ascertained 
by modern navigators. 

These currents are classed as constant, periodical, and variable, 
the two latter classes being determined chiefiy by tiie influence of 
the winds and tides. 

203. Antarotio drift current. — The constant currents which 
are by far the most important, have their origin chiefly in the 
southern frigid zone, from which a vast stream called the antarctic 
drift current^ pours its cold waters flrst northwards into the 
Pacific and then eastwards towards the eastern coast of South 
America. Striking upon the shores of Chili, opposite the island 
of Juan Fernandez, it is diverted to the north, following the coast 
of the South American continent, until it encounters the jutting 
shores of Peru, by which it is turned westward, where it takes 
the name of the equatorial current. 

204. liM equatorial oouxae.— From that point, following the 
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direction of the line westward, and passing among the islands of 
the Indian Archipelago, it trayerses the Indian ocean, and sweep- 
ing round the Cape of Good Hope, turns northwards along the west 
coast of Africa, until it encounters the shores of the Gulf of Guinea, 
which again divert it westward, where it resumes the name of the 
equatorial current. Traversing the Atlantic, it arrives at the 
northern coast of South America, and enters the Caribbean Sea 
through the chain of the West India islands, from which it arrives 
in the Gulf of Mexico. 

205. Gulf stream. — In this long course, after cooling the 
waters of the tropical ocean, its own temperature is at length 
raised to a high point, and in that thermal state it arrives in the 
Gulf of Mexico. The direction of the current is there changed 
by the southern coast of North America, and it issues through 
the channel between Cuba and Florida, flowing northward along 
the coast of the United States, and about the 35th degree of lati- 
tude turning north-east, it again traverses the Atlantic, dividing 
its course into two branches, one directed between the British Isles 
and Iceland to Spitzbergen in the Arctic ocean, and the other hy 
the Azores and Madeira back to the coast of Morocco. 

At the point where it issues from the Gulf of Mexico, .the 
current takes the well-known denomination of the Gulf stream. 
Its temperature, as just stated, is so elevated that its existence 
can readily be determined by navigators by means of the ther- 
mometer. It becomes thus a means of transporting to the regions 
of the northern frigid zone a portion of the tropical heat, so as to 
produce the equalising effect already mentioned. 

206. Oourse and limits of ooean currents evident. — << The 
currents of the ocean," observes Humboldt, '* present a remarkable 
spectacle, maintaining a nearly constant breadth. They cross the 
sea in diflerent directions, like rivers of which the adjacent 
undisturbed masses of water form the banks. The line of 
demarcation between the parts in motion, and those in repose, is 
most strikingly shown in places where long bands of sea- weeds, 
borne onward by the current, enable us to estimate its velocity. 
Analogous phenomena are sometimes presented to our notice in 
the lower strata of the atmosphere, when, after a violent storm, 
the path of a limited aerial current may be traced through the 
forest by long lanes of overthrown trees, whilst those on either 
side remain unscathed." 

207. Ooean rioh in animal life. — Although the surface of the 
ocean is less rich in. animal and vegetable forms than that of 
continents, yet when its depths are searched, perhaps no other 
portion of our planet presents such fullness of organic life. 
Charles Darwin, in the agreeable journal of his extensive voyages^ 
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justly remarks, that our land forests do not harbour so many 
animals as the low wooded regions of the ooean, where the sea- 
weed rooted to shoals, or long branches of fuci detached by the 
force of the waves or currents, and swimming free, upborne by 
air-cells, unfold their delicate foliage. The application of the 
microsoope still farther increases our impression of the profusion 
of organic life which pervades the recesses of the ocean, since 
throughout its mass we find animal existence, and at depths 
exceeding the height of our loftiest mountain chains, the strata 
of water are alive with polygastric worms, cyolidisB, and ophry- 
dinse. Here swarm countless hosts of minute luminiferous animals, 
mammalia, Crustacea, peridinea, and ciliated nereides, which, 
when attracted to the surface by particular conditions of the 
weather, convert every wave into a crest of light. The abundance 
of these minute creatures, and of the animal matter supplied by 
their rapid decomposition, is such, that the sea water itself becomes 
a nutritious fluid to many of the larger inhabitants of the ocean. 
208. Moral impressionB. — If all this richness and variety of 
animal life, containing some highly organised and beautiful forms, 
is well fitted to afibrd not only an interesting study, but also a 
pleasing excitement to the fancy ; the imagination is yet more 
deeply moved, by the impressions of the boundless and immeasur- 
able which every sea voyage affords. He who awakened to the 
inward exercise of thought, delights to build up an inner world 
in his own spirit, fills the wide horizon of the open sea with the 
sublime image of the Infinite ; his eye dwells especially on the 
distant sea line, where air and water join, and where stars rise 
and set in ever renewed alternations: in such contemplations 
there mingles as with all h\iman joy, *'a breath of sadness and 
of longing." * 

♦ Humbolt's Cosmos, pp. 299, 303. 
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